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FOREWORD 


This Final Report is the result of a year-long effort on 
Monitoring and Control Requirement Definition Study for Dispersed 
Storage and Generation (DSG) conducted by the General Electric 
Company, Corporate Research and Development, for the Jet Propul- 
sion Laboratory, California Institute of Technology, and the New 
York State Energy Research and Development Authority. 

Dispersed storage and generation (DSG) is the term that char- 
acterizes the present and future dispersed, relatively small 
( < 30 MW) energy systems such as those represented by solar thermal 
electric, photovoltaic, wind, fuel cell, battery, hydro, and cogen- 
eration. To maximize the effectiveness of alternative energy 
sources such as these in replacing petroleum fuels for generating 
electricity and to maintain continuous reliable electrical service 
to consumers, DSGs must be integrated and cooperatively operated 
within the existing utility systems. To effect this integration 
may require the installation of extensive new communications and 
control capabilities by the utilities. This study's objective is 
to define the monitoring and control requirements for the inte- 
gration of DSGs into the utility systems. 

This final report has been prepared as five separate volumes 
which cover the following topics: 

VOLUME I - FINAL REPORT 

Monitoring and Control Requirement 

Definition Study for Dispersed Storage 
and Generation 

VOLUML II - FINAL REPORT - Appendix A 

Selected DSG Technologies and Their 
General Control Requirements 

VOLUME III - FINAL REPORT - Appendix B 

State of the Art, Trends, and Potential 
Growth of Selected D -G Technologies 

VOLUME IV - FINAL REPORT - Appendix C 

Identification from Utility Visits of 
Present and Future Approaches to Inte- 
gration of DSG into Distribution Networks 

VOLUME V - FINAL REPORT - Appendix D 

Cost-Benefit Considerations for Providing 
Dispersed Storage and Generation of Elec- 
tric Utilities 
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ABSTRACT 


A major aim of the U.S. National Energy Policy, as well as 
that of the New York State Energy Research and Development Author- 
ity, is to conserve energy and to shift from oil to more abundant 
domestic fuels and renewable energy sources. Dispersed Storage 
and Generation ( DSG) is the term that characterizes the present 
and future dispersed, relatively small (<30 MW) energy systems, 
such as solar thermal electric, photovoltaic, wind, fuel cell, 
storage battery, hydro, and cogeneration, that can help achieve 
these national energy goals and can be dispersed throughout the 
distribution portion of an electric utility system. 

A study of trends reveals that the need for DSG monitoring 
and control equipment by 1990-2000 will be great, measured in tens 
of thousands. Criteria for assessing DSG integration have been 
defined and indicate that economic and institutional as well as 
technical and other factors must be included. 

The principal emphasis in this report is on the functional 
requirements for DSG monitoring and control in six major catego- 
ries. Twenty- four functional requirements have been prepared 
under these six categories and serve to indicate how to integrate 
the DSGs with the distribution and other portions of the electric 
utility system. 

Although much work remains to be accomplished, the results 
indicate that there are no fundamental technical obstacles to pre- 
vent the connection of dispersed storage and generation to the 
distribution system. However, a communication system of some so- 
phistication will be required to integrate the distribution system 
and the dispersed generation sources for effective control. The 
large-size span of generators from 10 kW to 30 MW means that a 
variety of remote monitoring and control may be required. Recent 
Federal Energy Regulatory Commission rulings under PURPA Section 210 
are intended to encourage the use of dispersed generation. Contin- 
ued emphasis on establishing a more definite set of conditions of 
agreement between utilities and customers' suppliers is required. 

A strong impression from the results of this report is that 
an increased effort is required to develop demonstration equipment 
to perform the DSG monitoring and control functions and to acquire 
experience with this equipment in the utility distribution environment. 
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INTRODUCTION AND BACKGROUND 


A major aim of the U.S. National Energy Policy, as well as 
that of the Mew York State Energy Research and Development Author- 
ity, is to conserve energy and to shift from petroleum to more 
abundant fuels and renewable energy sources. Dispersed Storage 
and Generation (DSG) is the term used to characterize present and 
future electric energy systems, such as solar thermal electric, 
photovoltaic, wind, fuel cell, storage battery, hydro, and cogen- 
eration, that can help to achieve these national energy goals. 

Much of the national energy research and development effort is be- 
ing devoted to energy systems of these kinds, which, because they 
can be generally small in size, may be located in the distribution 
portion of the electric utility system. 

This study has been made to understand the character and need 
of the electric utility distribution system over the period from 
1980 to 2000 in which increasing demands for electrical energy and 
increasing costs for centrally generated power will encourage the 
use of dispersed storage and generation. An effort has been made 
to determine the character of the DSGs that will be availab 1 and 
how they can be controlled and monitored remotely. The infl ,ice 
of technical and operating issues, economic considerations, and 
institutional and regulatory fact.ors have been investigated as they 
affect the integration of DSG into the distribution system. The 
major effort has been directed at preparing functional reauirements 
in six major categories covering subfunctions that define how an 
integrated distribution-DSG system should operate. 

The purpose of the survey of DSG technologies which was con- 
ducted was to provide an understanding of the rpecial characteris- 
tics of each of these technologies in sufficient detail so that the 
physical principles of their operation and the internal control of 
each technology would be evident. In this way a better understand- 
ing was obtained of the monitoring and control requirements for 
these DSGs from utility control centers. Visits to representative 
utilities that are interested in using DSG were conducted to verify 
the survey results and to identify the problems associated with 
integrating DSGs into the electric utility distribution system. 

The extent to which new electric power generation is reauired 
will have a major influence on the need for new energy capacitv to 
be installed. Although the anticipated average growth rates for 
energy, GNP , and electric power generation will be less than their 
historic values, it is currently estimated that bv 2000 there will 
be a demand for a much greater installed electrical generation ca- 
pacity: and perhaps 4 to 10% may be supplied by DSG equipment. 
Further, because the sizes of DSG units tend to be smaller than 
those used for conventional generation, there may be many thousands 
of DSGs that must be monitored and controlled. 
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Concurrently with the introduction of new dispersed storage 
and generation into the electric distribution system, there has 
been an increasing trend to provide distribution automation and 
control of other distribution system functions. These distribution 
system functions include substation automation, distribution auto- 
mation, communication systems, and load management systems. Thus, 
in addition to integration of DSG into the distribution system, 
the development of distribution automation and control and its pos- 
sible implications for DSG and its associated equipment and func- 
tions must also be considered. 

Consideration of the functional requirements of DSG in an 
electric distribution system must also include the influence of 
DSG on the major generation and transmission portions of the elec- 
tric utility as well as on the persons and processes involved in 
planning, scheduling, operating, and maintaining the generation 
and power dispatching. Therefore, both equipment and operational 
implications of the DSG integration requirements must be taken into 
account. 

To provide a coherent basis for judging both the control and 
monitoring requirements, as well as the suitability of specific 
DSGs in terms of -size, cost, location, and time of installation, 
attention has been given to suitable criteria for assessing DSG 
i integration with the remainder of the electric utility distribution 

system. Included in these criteria are such items as the following: 

' • Commercial availability of the DSG 

• Cost-benefit economics 

! • DSG size, number of units, and total capacity 

• Energy resources 

f • Operational features 

• Technical factors 

, • Institutional and regulatory requirements 

i 

j Emphasis on energy conservation has focused attention on the 

need for remote control and monitoring of dispersed generation 
sources to take advantege of their available energy. Where appro- 
priate use of these sources is made, these DSGs should be scheduled; 
where scheduling is not possible, monitoring should be employed. A 
| need exists for systematically handling the many potential DSG sources 

' that may be remotely commanded and controlled. These several needs 

are further complicated by the different DSG technologies having dif- 
ferent startup, operating, and shutdown characteristics. 

In identifying tly& DSG control and monitoring requirements, 
it is desirably to have a limited number of categories of require- 
ments for consideration. For this study, the following function 
requirement^eategories have been selected: 
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A. Control and monitoring requirements 

B. Power flow and quality requirements 

C. Communications and data handling requirements 

D. Operational requirements for normal, abnormal, and 
emergency states 

K. Failure and abnormal s > havior detection and correction 
requirements 

F. Special DSG control airements 

For each of these categories functions have been described 
including their inputs, outputs, interactions with other functions, 
and special requirements. 
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Section 2 


EXECUTIVE SUMMARY 


This monitoring and control requirement study for dispersed 
storage and generation is a systems definition effort that de- 
scribes how the many new electrical generation sources and their 
means of control can be integrated into electrical distribution 
systems during the 1980-2000 time period. The use of dispersed 
storage and generation (DSG) will provide ways of saving nonrenew- 
able energy and reducing electrical energy costs and will represent 
a major change in the way that electric utility distribution systems 
operate by the year 2000. It is important that efforts be under- 
taken soon to provide a smooth and orderly development of the moni- 
toring and control required with the DSG. 

A short description of the means for directly controlling each 
of seven different DSG types has been prepared. In parallel with 
this description an effort was made to identify the state of the 
art, trends, and potential growth of the DSGs as well as their role 
and penetration into electric utility power generation. Following 
this investigation of the types of DSGs, one-day visits were made 
to four separate and geographically distributed utilities to obtain 
their viewpoints and interests in DSGs and their present criteria 
for integrating DSGs into their distribution networks. Although 
different dispersed energy generation sources such as solar thermal 
electric, photovoltaic, wind, fuel cell, battery, hydro, and cogen- 
eration operate on different principles, suitable monitoring and 
control means can be developed that will enable these sources to 
perform compatibly with the other portions of the distribution system. 

A review was made of the feasibility of different tvpes of DSGs 
for integration into distribution networks. As a result, a number 
of criteria for integration were identified from technical and other 
perspectives. These criteria served as a basis for identifying 
twenty-four functional requirements toward which this study has been 
principally directed. It is important that the control and monitor- 
ing philosophy employed be flexible so that it can handle DSGs of 
different sizes and ownership, ranging, for example, from small 
photovoltaic units (10 kW and up) owned by individual customers to 
larger hydroelectric generation (5 to 30 MW) largely owned and oper- 
ated by the electric utility. 

The relationships between the major monitoring and control cat- 
egories and the distribution DSG system parts were established in a 
generic way, and the general descriptions of the functional require- 
ments were defined. The time intervals for which monitoring and 
control data must be communicated to and from the DSGs to a central 
distribution dispatch center (DDC) range from 2 to 10 seconds for 
normal scan and load frequency control (LFC) , to 15 minutes to an 
hour and longer for routine periodic data update from the DSGs. 

The inherent uncertainty regarding the scheduling of such DSGs as 
those depending on the sun, wind, or water availability is an area 
which will require attention in any detailed system design. 
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The monitor ing and control functional requirements were re- 
lated to specific scenarios for a Niaqara Mohawk Power Corporation 
(NMPC) distribution composite to investigate the significance of 
the requirements to situations which migh; reasonably be encountered. 
These scenarios served as a means for chec t xng the suitability of 
these requirements for use by a utility in integrating possible DSGs 
into their distribution network. Particular attention was given to 
unusual communicat ion requirements that might be involved and to de- 
termine what scheduling difficulties might be anticipated at a dis- 
tribution dispatch center, because many DSGs were controlled from 
distant locations. 

The communications needs associated with monitorinq and control 
for DSGs w'll have to be considered in conjunction with those needs 
associated with other remote control distribution automation func- 
tions. The combination of these requirements may produce some 
stringent communicat ion needs at critical periods. 

The results of this study indicate that a large number of in- 
dividual DSGs are likely to be remotely controlled on electrical 
distribution networks and that there is a need for developing a way 
to monitor and control these DSGs as an integral part of the elec- 
trical generation, transmission, and distribution system. An in- 
terface at the distribution dispatch center (DDC) must be effective 
in coupling together the needs which stem from the energy management 
svstem (F.MS) to the individual DSGs. This task is complicated by 
the fact that DSGs can be many in number and have a variety of 
character ist ics . 

This study points out that perhaps 4 to 10% of the electrical 
generation of the year 2000 may be supplied by DSGs, and that if 
their average size is on the order of 1 to 5 MW, then in the United 
States 10,000 or more of such units mav be remotely controlled. If 
still smaller units are used, an even larqer number will need remote 
monitorinq or control; thus a large monitorinq and control effort 
will be required. 

Already some types of DSGs such as hydro, coqeneration , and 
wind are available for utility use. It is considered important by 
the study team that an expanded effort be made to bring to reality 
the recommendations set forth in this report. In particular, the 
following specific tasks should be undertaken to develop and to 
reduce to practice: 

• Control and dispatchinn methods for large numbers of DSGs 

• Operator interface means for scheduling various DSGs 

• Design guidelines for integrating the operation of DSGs, 
load controls, and distribution automation using real-time 
distribution control and communication equipment 

• Preliminary specifications for an integrated distribution 
DSG system design 


2.1 RELATIONSHIP OF DSGs TO THE EXISTING ELECTRIC UTILITY SYSTEM 


The distribution system is that segment of the electric power 
system that delivers energy from the bulk generation and transmis- 
sion system to the customer's load. The major systems of the pres- 
ent overall utility system include the following! 

• Bulk System - utility generation, transmission, and bulk 
substation primary and transformer 

• Distribution System - bulk substation secondary bus, sub- 
transmission , distribution substations, primary feeders and 
equipment, and secondary circuits 

• Customer Load - elements and/or equipments owned by the 
customer that use electricity 

These conventional energy portions of the electric utility 
system are shown on the right portion of Figure 2.1-1. 

Dispersed storage and generation units can be considered as 
a fourth system that in the future must be operated compatibly with 
the other systems. At that time there will be more extensive moni- 
toring, control, communicat ion , and protection equipments as shown 
on the left portion of Figure 2.1-1. The DSGs also shown on the 
left may range in size from small (10 kW to 500 kW) , to medium 
(0.5 MW to 5.0 MW), to large (5.0 MW to 30 MW). The ownership, 
operation, and mai.it enance of these DSG units can be entirely the 
utilities', entirely the customer’s, or other possible joint 
arrangement s . 

The terms small, medium, and large as they pertain to DSG size 
are used for illustrative purposes and serve to indicate that there 
may be a ratio of DSG sizes of the order of 3000/1 from the largest 
to the smallest. Although there may not be this range of DSG sizes 
on any one utility, it is apparent that the nature of the specific 
energy management system, the distribution dispatch center, and the 
distribution communication may differ from one utility to the next 
depending on such factors as the size of the loads served by the 
utility and the nature of the DSGs including whether they arc utility 
or customer owned. 

Another aspect of the relationship of the DSGs to the remainder 
of the electric utility system pertains to the fashion in which the 
communicat ion from the distribution dispatch center (DDC) is related 
to or connected to the dispersed storage and generation units. 

Some utilities may find it desirable for the DDC to communicate 
to several different substations, feeders, or users' sites to monitor 
and control only the DSGs located at the site contacted. For pur- 
poses of this report, such a DSG communication arrangement is re- 
ferred to as a centralized approach to monitoring and control. 

In other cases utilities may find it more desirable for the 
DDC to communicate more extensively to each substation to perform 
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the distribution automation and control of many function* relating 
to that particular substation, only one function of which is the 
monitoring and control of a smaller number of DSGs. In this report, 
such a DSG communication arrangement is referred to as a decentral- 
ized approach to monitoring and control. Since there may be exten- 
uating circumstances for a utility that may make either centralized 
or decentralized monitoring and control more desirable, it is worth- 
while to recognize that both methods exist and may be used for dif- 
ferent utility conditions. 

The centralized communication approach, shown in Figure 2.1-2, 
refers to the monitoring and control of DSGs separately from the 
other distribution functions, with the centralized approach, com- 
munication is direct between the distribution dispatch center (DDC) 
and a number of DSG units that may be at the substation, the feeder, 
or the customer's location. 



Figure 2.1-2. Centralized Approach Control and Monitoring - 
DSG Integration 

The decentralized communication approach refers to the moni- 
toring and control of both DSGs and other distribution automation 
and control (DAC) functions through a control and monitoring system 
for substations, their feeders, and customer's loads. Figure 2.1-3 
shows how decentralized monitoring and control of other DAC functions 
and DSGs at the substation or feeder (or customer's locations) may 
be employed and have communication to the DDC. 
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Fiqure 2.1-3. Decentralized Control and Monitoring 
for DSG Integration 


In addition to, or independent from, centralized and decen- 
tralized utility DSG control, there may be local control of DSGs 
that customers may own and operate to optimize their financial re- 
turn or other needs. The Public Utility Regulatory Policy Act of 
1978 (PURPA) provides basic rules under which utilities and cus- 
tomers must interact in such a circumstance. It appears to be 
highly desirable that the utility operate with up-to-date knowledge 
of what is taking place at the customer's DSG as well as other DSG 
sources . 

Many of the elements of the EMS and the DDC, as well as the 
DSGs, do not presently exist for most electric utility systems. 

The design of some of these equipments may be undertaken without 
a full awareness of the fact that in the future these different 
equipments may be required to operate compatibly with one another. 

A system control integration effort is required to enable the many 
parts of the control and energy systems to work together effectively. 

It is highly desirable that this system integration work, i.e., 
the establishing of ways and means for accomplishing the incorpora- 
tion of DSGs into the electric ut’lity be started while there are 
relatively few parts of the new system yet in place. The DDC rep- 
resents the top level of control of this new and improved dist.ribu- 
tion-DSG system. 
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2.2 CRITERIA FOR ASSESSING DSG INTEGRATION 


Many factor* enter into an evaluation of the feasibility of 
DSG alternative*. There are general criteria that pertain to the 
applicability of particular DSG* to *peclfic utility distribution 
system* . There are functional characteristic* and technical issues 
regarding general DSG integration into utility distribution systems. 
There are the economic aspects of feasibility where justification 
of a particular DSG must be according to cost-benefit considerations. 

In addition to the issues noted above, each utility tends to 
have unique characteristics that have an important influence on the 
selection process. The utility's geographical location, size, bulk 
energy system composition and configuration, and expansion plans 
are illustrative of such characteristics. 

The principal issues to be considered in selecting one or more 
DSG technologies include the following: 

e Commercial availability of DSG 

• Cost-benefit economics of utility system with DSG 

• DSG size, number of units, total capacity 

• Energy resources available to operate DSG 

• Operational features of distribution svstem with DSG 

• Technical factors regarding performance and utility operation 

• Institutional and requlatory requirements influencing choice 
of DSGs 

With DSG technologies progressing from experimental to commer- 
cial stages, and with fuel and equipment costs changing dramatically, 
the DSG integration process represents a rapidly changing activity 
that requires considerable additional effort. 

A major finding in assessing DSG integration was that some 
DSGs such as hydro and cogeneration are essentially ready now ror 
application to utility distribution systems. Although such DSGs 
may be commercially available, may have favorable economic benefits, 
and are of a size to contribute a significant energy savings, there 
are still important engineering desiqn and construction efforts that 
remain to be done before a design is available that has already been 
well integrated into the remainder of the electric utility system. 

A number of design choices of equipment and on-line control 
means exist to provide a basis for selecting among various alterna- 
tive ways the achievement of DSG integration . In addition the ef- 
fects of the specific agreements between a utility and the user-power 
generator, such as those associated with the residential solar photo- 
voltaic and other programs, have yet to be firmly worked into the 
DSG integration process. Since these arrangements are frequently 
established under a see of conditions mandated by federal and state 
regulatory agencies, institutional factors such as these may strongly 
influence the technical design alternatives. 
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2.3 TYPES OF D8Q 


In this study the following seven DSG technologies were exam- 
ined in detail: solar thermal electric, photovoltaic, wind, fuel 

cell, storage battery, hydro, and cogeneration. Other generation 
means such as fusion, magnetohydrodynamics , biomass/bio fuels , geo- 
thermal, hydroelectric pumped storage, compressed air storage, and 
superconducting magnetic storage were also investigated but were 
later dropped from detailed consideration. 

In identifying each of the seven DSG technologies, an effort 
was made to define the technology in a generic sense and to explain 
its functional, operational, feasibility, availability, and economic 
factors. A detailed report on each of the seven DSG technologies 
is contained in Appendix A, "Selected DSG Technologies and Their 
General Control Requirements." 

In order to provide reference points for the seven DSGs that 
are discussed with most emphasis throughout this report, there 
follows a brief description of each. $uch abbreviated descriptions 
by no means cover all forms of these DSG technologies adequately. 

Solar Thermal Electric energy conversion systems collect solar 
radiation and convert it into high-tcmperature heat. The heat is 
transferred to a working fluid, whi-h is often water or steam, for 
use in a mechanical-electrical generation system. Solar thermal 
electric energy may also be used in a total energy system providing 
both electricity and thermal energy. Energy storage may also be 
included as part of the system. 

Photovoltaic generation systems convert light energy into 
electrical energy. This conversion takes place by the "photovoltaic 
effect" whereby a voltage is produced between dissimilar materials 
when their junction is illuminated (irradiated) by the light-band 
portion of the electromagnetic spectrum. There is a limited num- 
ber of materials that exhibit photovoltaic properties. The rela- 
tively J -w-power intensity of sunlight (0.100 W per square centi- 
meter) , and the relatively low efficiency of photovoltaic conversion, 
(5 to 20%) , inherently requires considerable area to obtain even 
low-power levels. Because photovoltaic power is in the form of 
direct current, dc-to-ac inverters are required to interconnect 
photovoltaic generation to the electric utility ac distribution 
system. The basic daily insolation cycle and variable v.eather^on- 
ditions limit the availability and amount of photovoltaic en%j$jy 
in a 24-hour period. Thus photovoltaic generation systems ^wiust be 
used in conjunction with other firm power sources or storage on an 
electric utility system. 

Wind Generation systems convert wind energy to electrical 
energy by means of a bladed propeller-driven shaft connected to 
an electric generator. Wind generation installations (plants) for 
electric utilities are likely to consist of one or more modestly 
sized units (0. 2-3.0 MW) combined into an integrated installation. 
Wind generation is available only when the wind is blowing at 
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speeds above a lower threshold and at speeds below a maximum at 
which damage to the installation might occur. Therefore, with wind 
generation additional firm generation capacity or storage are re- 
quired by the utility. 

Storage Battery energy systems have as their inputs dc elec- 
trical energy that is converted electrochemical ly to chemical 
energy during charging of the battery and is electrochemical ly con- 
verted to dc electrical energy during discharging of the battery. 
Operation of the storage battery with a conventional ac electric 
distribution system requires the use of power conditioning equip- 
ment. This equipment can accept the alternating current from the 
distribution system, convert it to the dc electrical energy that 
is required by the battery during charging, and Invert the dc 
electrical energy provided by the battery to ac electrical energy 
suitable for use by the distribution system. Care must be taken 
to ensure that the periods scheduled for battery charging and 
discharging are economically beneficial to the overall electric 
power system operation. 

Fuel Cell energy systems consist of an electric power genera- 
tion device In which hot fuel gas is passed over a fuel electrode 
and heated air is passed over an adjacent air electrode, which is 
separated from the fuel electrode by an electrolyte, to produce a 
dc power output and an exhaust of carbon dioxide and water. The 
direct current electric power produced by the fuel cell is con- 
nected to a dc/ac inverter that in turn supplies the distribution 
system with an alternating current at the proper voltage and fre- 
quency. Although the hot fuel gas and heated air must be supplied 
whenever electric energy is desired, the fuel cell system power 
output i r, available on demand. 

Hydroelectric generation converts the energy of falling water 
into electrical energy by means of mechanical-electrical machinery. 
Flowing water, pressurized by gravity, drives a hydraulic turbine 
that is coupled to an electric generator. The electric generator 
driven by the turbine produces alternating current electric power 
that is supplied to the electric utility power system. 

Cogeneration is the combined production of process heat and 
electricity. Industries and/or utilities, which need both of these 
forms of energy, potentially have net operational cost savings 
available through an efficient coordinated facility that fully 
utilizes the heat of combustion of the fuel. Various manufacturing, 
commercial, and district heating applications utilize medium- and 
low-pressure steam. These comprise the largest percentage of poten- 
tial cogeneration applications. For these applications the most 
common configuration for generating "process steam" and electricity 
has been to use fossil-fuel-fired steam boilers producing high- 
temperature, high-pressure steam to drive steam turbine-generator 
set(s) , Electricity is produced directly by the turbine-generators; 
and the steam from the turbine, with its remaining energy, is ex- 
tracted or exhausted to the "process." 
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In considering DSG technologies it is important to note that 
they represent different mean? of power conversion, i.e., ac or dc, 
and they have different scheduling characteristics, i.e., schedu- 
lable or nonschedulable, because of the availability of sun, water, 
or wind. Table 2.3-1 illustrates these DSG characteristics for the 
seven selected technologies. 

Further, because not all of the technologies are in the same 
stage of development or commercial maturity, and the amounts of 
energy produced from each are not of equal magnitude, one needs to 
consider each technology from various considerations as shown in 
Table 2.3-2. In addition to the present status, the anticipated 
date of commercialization, and the total amount of power estimated 
to be added from 1900 to 2000 are shown. Further information on 
the state of the art, trends, and potential growth of selected DSG 
technologies is contained in Appendix B. 

From a monitoring and control point of view, it should be noted 
that although the power supplied by some DSG technologies, such as 
solar photovoltaic at the residential user level, may not be large, 
a great number of equipments may be required. 


Table 2.3-1 
DSG CHARACTERISTICS 


DSG Type 

Power Conversion 

Scheduling of Power 

Solar Thermal Electric 

ac 

NS 

Hydroelectric 

ac 

S 

Wind 

ac 

NS 

Fuel Cell 

dc/ac 

S 

Storage Battery 

dc/ac (Storage) 

S 

Photovoltaic 

dc/ac (Renewable) 

NS 

Cogeneration 

ac 

S (Indirect) 


NOTE: NS - Nonschedulable 

S - Schedulabie 
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Anticipated Total 

DSG Technology Present Status Date of Commercialization Po«er Added by 2000 


GW and assumed rating 

Solar Thermal Experimental 1990 2 2,000 § 1 I# f A'g. 
Photovoltaic Experimental 1990 2 2,000 § 1 MW Avg. 
Wind Preproduction 1990 6 1,000 § 2 MW Avg. 
Fuel Cell Preproduction <1990 3 COO £ 5 I* f Avg. 
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2.4 CONTROL AND MONITORING SYSTEM ARCHITECTURE 
AND EQUIPMENT FOR DSG INTEGRATION 

In addition to the DSGs operating satisfactorily as a source 
of power for the distribution system, it may be desirable to pro- 
vide each DSG with communications, control, and monitoring equip- 
ment to enable it to be properly coordinated and integrated with 
the remainder of the distribution system. Depending on the nature 
and size of the DSG, its location on the distribution network, and 
the nature of other control means such as distribution automation 
being performed, there are various configurations or structures of 
the distribution DSG system equipment that may be used for integrat- 
ing the DSG with the remainder of the system. 

For small DSGs located at the customer, locru control may 
suffice with little remote control and monitoring. With systems 
having more extensive distribution automation, the control and mon- 
itoring of DSGs may be considered as a part of a decentralized con- 
trol in which the control and monitoring are a subset of the dis- 
tribution automation functions. For larger DSGs a centralized 
control for each one may be required in which more monitoring and 
Control equipment will be needed. Figure 2.4-1 shows how the DSG 
size and number of units may influence whether the control structure 
be local, decentralized, or centralized. 
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Figure 2.4-1. Effect of DSG Size and Quantity on Control Structure 
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A major aspect of the control and monitorinq requirement# is 
concerned with the functions performed at the Distribution Dispatch 
Center. It is at this center where the operator is located and 
where human judgment can be brought to bear on an ongoing basis. 

It is also at this center where information can be made available 
about how much electrical generation is actually takinq place at 
the various DSGs. Dependinq on the number of large, medium, and 
small DSGs as well as other factors, the amount of power generated 
in each size range will differ, and the amount of information that 
is required by the operator and can be afforded by the utility will 
also differ. The system architecture and equipment for DSG integra- 
tion may be different in detail to accommodate for the number and 
size of the DSGs involved. 

Another factor which may influence the system architecture is 
the ratio of unschedulable DSG generation that may be allowed by 
the utility. The utility may have to reserve the ri^ht to limit 
the amount of customer-supplied power to certain agreed upon aggre- 
gate quantities that will be monitored in order for the utility to 
be able to handle in a dependable manner the power shifts such as 
available sun, wind, or water that change abruptly. As of the 
present, the nature of such items of understanding has yet to be 
established on an industry-wide basis. 

From the preceding it is evident that a flexible control and 
monitoring system architecture is required that can handle DSGs of 
different sizes and numbers of units which range from central to 
local control means. The hardware and software for specific DDC 
applications are not presently available, so that effort should 
be made to obtain the necessary knowledge and experience regarding 
DSG integration before its need is critical. 

A general form for representing the distribution DSG system 
is represented by Figure 2.4-2 where the DSGs connected to the dis- 
tribution system are shown to be made up of power, control, protec- 
tion, and interface equipment. Also included as eauipment are the 
communication connection to the DDC, the DDC interface, and the DSG 
equipment. Figure 2.4-2 also shows that the DDC equipment may be 
connected to other DSGs as well as having both operator and auto- 
matic inputs and outputs related to other needs of the system. 

Depending on whether or not the communication control is cen- 
tralized, decentralized, or local, the extent to which the different 
control functions are carried out will differ. Larger sized DSGs 
will warrant more monitoring and control and can justify higher costs 
for these functions. Smaller sized DSGs will not require as much 
control and monitoring and would have trouble justifying such large 
costs. Thus, control and monitoring system architecture and equip- 
ment that differ in detail may be required for different utilities. 

There are six major categories of functional requirements that 
are performed primarily by the equipment indxcated by the letters 
(A) to (F) on Figure 2.4-2. The nature of these major functional 
categories is discussed in Section 2.6 and in more detail in Section 8. 


2-13 


OPERATOR EMS, 
MANUAL AGO 
INPUTS INPUTS 


DISPLAY OUTPUT RECORDS 
OUTPUT TO FOR LATER 

OPERATOR REFERENCE 



FUNCTIONAL 

REQUIREMENTS 

CATEGORIES 

CONTROL AND MONITORING 
POWER FLOW AND QUALITY 
COMMUNICATION AND DATA 
HANDLING 

NORMAL, ABNORMAL, AND 
EMERGENCY OPERATIONS 
FAILURE AND ABNORMAL 
BEHAVIOR 

SPECIAL (DSG) CONTROL 


DISTRIBUTION SYSTEM DISTRIBUTION SYSTEM IE) 


Figure 2.4-2. Categories of Distribution DSG System Equipment 
and Functional Requirements 
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2.5 D8G CONTROL REPRESENTATION AND MAJOR OPERATING 
MODES AND STATES 

A representation of the multilevel* of the hierarchical control 
system that a DDC uses to control one or more DSGs is shown in Fig- 
ure 2.5-1. The DSC power generation process is shown to supply an 
electric utility distribution system and/or customer load through 
protective equipment. The DDC controls the DSG in the three major 
modes (on, off, and standby) and under the four DSG states (normal, 
abnormal, emergency, and inoperative) . 


A CONTKX. 


LOCAL 

MPUTS 



Figure 2.5-1. Schematic Representation of Monitoring and Control 
of DSGs Related to the Functional Requirement 
Categories 

The DSG power process is controlled through special DSG con- 
trols that receive feedback from the DSG. The special DSG controls 
in turn have signals from the local DSG control as inputs which 
make sure that the various auxiliaries are properly sequenced and 
controlled and that the overall local DSG control is operating in 
the proper operational control mode. Feedback from the DSG power 
elements is again employed by local DSG control, and additional 
feedback from the distribution network may be used. 

The top level of the hierarchy is the DDC control and monitor- 
ing that is connected through communication means to the local DSG 
control for command and control purposes and to the DSG power gen- 
eration and local control for monitoring feedback. Inputs to the 
DDC control and monitoring equipment include those from the EMS 
and/or from the manual inputs of the DDC operator. It should also 
be noted that under local control to meet customer load needs, a 
local input control at the DSG site may represent the primary con- 
trol means for the DSG power generation equipment, and the communi- 
cation inputs to the DDC may enable the operator to monitor but not 
to control the local DSG power level. 
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Although Figure 2.5-1 presents a general representation of DSG 
with remote control from a DDC, this figure also helpa to describe 
how a amall diaperaed generation aource, for example, a photovoltaic 
unit, would operate. In thia caae the local inputa would be uaed 
to start up and control the power generation. Depending on the ex- 
tent of the communication to the DDC which was warranted, the trans- 
mittal of data on power supplied to the distribution system or the 
communication of command and control data from the DDC to the local 
photovoltaic generation can range from very little to the same amount 
as for a larger sized DSG. It is highly desirable that operational 
experience be obtained soon on the effect on different aspects of 
DSG operation with different degrees of communication and control. 

Regarding the distribution system operation, the DDC under 
centralized or decentralized control may command each DSG to be 
in one of the three operating modes; on, off, or standby. 

On - The DSG is in operating condition and is running 

in synchronism with the power system and electri- 
cally connected to it. In this condition it will 
be normally generating or absorbing power (elec- 
trical energy) . 

Off - The DSG is disconnected from the power system at 

the DSG distribution system interface and is shut 
down (not running) . 

Standby - The DSG is in operating condition and running, 

but it is not electrically connected to the dis- 
tribution system. 

In addition to the DSG modes, the DSG may be in one of four 
different states that describe the overall conditions that can exist 
at the DSG unit or plant. 

Normal - All systems, subsystems, and components of the 

DSG plant or unit are in operable condition within 
continuous design rating limits. 

Abnormal - The DSG plant or unit system, subsystem, or compo- 
nent is in a condition wherein its continuous de- 
sign rating is being, or would be, exceeded during 
operation . 

Emergency - A DSG plant is in a condition in which continued 

operation will result in imminent failure or seri- 
ous damage. 

Inoperative - In this state the DSG is not available for useful 
operation. 

The determination of the DSG plant mode is influenced and de.- 
termined by a number of factors that include; 

• DSG state 


• Power system state 



• DSG schedule 

• DSG energy resource 

• Private owner decision 

A DSG will be called upon to change from off to on and on to 
off modes for the majority of its normal operational mode chanqes. 
These transitions will be dictated primarily by the DSG operating 
schedule and the availability of energy. Certain types of DSGs 
may have an intermediate mode between off and on called standby. 
This may be required by cogeneration or advanced battery systems 
to permit stabilization of process and/or energy system balances. 
This mode may also be used as a "spinning reserve" mode in provid- 
ing generating margin for the power system. 

These operational transitions are represented m Figure 2.5-2. 
Commands initiated at either the remote centralized control or 
local control to command a DSG to be placed on-line, taken off- 
line, or be placed on standby, will cause a startup, a shutdown, 
or a partial transition, as indicated by the arrows in Figure 2.5-2. 


STARTUP 

TRANSITION 


PARTIAL 


FULL 

Figure 2 


OPERATING 

MODE 


SHUTDOWN 

TRANSITION 



FULL 


PARTIAL 


5-2. DSG Modes and Transitions 


In the general case these mode changes will be possible from 
either the local DSG controls or remote control location. _ However, 
certain types of DSGs, e. g. , cogeneration or wind, may for' practical 
reasons preclude absolute remote control. The cogeneration will 
usually be closely interrelated with a heat process that places 
constraints on electric energy output variations. Wind turbine 
generators do not permit absolute control because of the variable 
(unpredictable) source, and control will be more of a permissive 
(or prohibiting) action. 
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2.6 FUNCTIONAL REQUIREMENTS 


The six major categories of functional requirements associated 
with DSGs ares 

A. Control and monitoring 

B. Power flow and quality 

C. Communication and data handling 

D. Operational requirements for normal, abnormal, 
and emergency states 

E. Failure and abnormal behavior 

F. Special (DSG) control 

Summary descriptions of the six categories of functional require- 
ments are as follows: 

A. The cont rol and monitoring functions are associated with the 
DDC equipment' and’ location and provide the centralized functions 
necessary for overall coordination of the DSGs assigned to the 
DDC. Control and monitoring functions incorporate DDC operator 
and EMS requirements for distribution DSG operation and control. 
DDC operator information and control inputs must be accommodated 
and information concerning the DSG's operation presented to the 
DDC operator. EMS information relative to overall power system 
generation scheduling, automatic generation control, voltage/var 
dispatch, and load management must be input to and incorporated 
by the DDC into its control strategies and logic operations for 
the specific DSGs and distribution system operations. The EMS 
will need feedback information pertaining to aggregate DSG data 
and characteristics to properly represent overall DSG power and 
energy in scheduling and control strategies. 

B. The power flow and quality functions are DSG power-related 
functions that control power flow, provide appropriate instru- 
mentation, and establish the quality and magnitude of voltage 
and current wave shapes including harmonic content. Each of 
these functions has requirements, related to the specific type 
of DSC., that must be reconciled with the general requirements 
of the DDC control and monitoring function. DSG power control, 
for example, must consider minimum and maximum power output 
levels, permissible rate of change, and power reversal charac- 
teristics for storage types of DSGs. These requirements in- 
volve both distribution system needs and DSG characteristics. 

C. The c ommunication and data handling functions provide the nec- 
essary information transfer and data handling between DDC and 
DSGs, the data transfer interfaces between these ecuipments and 
the communication links, and the associated information process- 
ing at the DDC. These functions are primarily involved in the 
transfer of command and control data from the DDC to DSGs and 
the return of monitoring (normal and alarm) data from the DSGs 
to the DDC . 
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Depending on whether the distribution DSG System uses a central- 
ized or decentralized control structure, the communication and 
data handling requirements may differ in detail. Using a cen- 
tralized approach, information transfer takes place directly 
between DDC and DSGs. With a decentralized arrangement, DSG 
control and monitoring information shares communication facil- 
ities with general distribution automation and control functions. 
For the decentralized configuration, in addition to the distri- 
bution automation and control functions, incremental loadina is 
added to the communication and data handling for DSG requirements. 

In addition to those DSGs for which power control is handled 
from the DDC, there may be some DSGs, especially small and 
customer-owned ones, that are locally controlled and for which 
more limited communication and data handling is warranted. 

D. The operational requirements associated with DSG normal, abnor - 
mal, and emergency states relate to local functions at the £)£($ 
required for the control of the DSG operating modes, DSG sta- 
bility, and personnel safety. These functions include the 
logic to determine whether normal, abnormal, or emergency con- 
ditions exist and the logic to adjust or change the DSG power 
production process and associated auxiliary equipment in re- 
sponse to changes in DSG state. The ability of the DSG to remain 
in step with the power system fundamental frequency is of utmost 
importance and thus DSG stability is a necessary requirement. 

For all 3tates that the DSG may encounter, personnel safety is 
a primary consideration and requirement. This requires coordi- 
nation of local DSG and distribution system operation especially 
during times of maintenance, outages, and service restoration. 

E. The failure and abnormal behavior detection and correction f unc- 
tion s^a^enptTmarily associated with protection system equipments 
of both DSG and the distribution system. There is a mutually 
dependent requirement that the distribution system be protected 
from failure and abnormal behavior of DSGs and, conversely, the 
DSGs must be protected from failure and abnormal conditions on 
the distribution system. System protection philosophy dictates 
that protective systems be associated and physically located at 
DSG and distribution equipment facilities. Functional require- 
ments define the protection needs in order to establish rules 
for protective system equipment design. 

F. The special DSG control functions are associated with the local 
DSG control equipment. These functions involve controls that 
cause the DSG unit(s) to respond to remote start and stop com- 
mands from the DDC and other special functions. In a general 
sense this involves power actuation and control. Therefore, 
these functions and control equipment make it possible to carry 
out DSG scheduling directed by the DDC. 

Because each type of DSG will have different power and energy 
system configurations, the logic and arrangement of controls 
for special DSG control functions will be different or unique 
for each type of DSG. However, the basic functions of automatic 
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startup and synchronization to the distribution system and 
automatic shutdown will be a general requirement for most DSGs. 

For the abnormal condition of major outages and isolation 
("islanding") of portions of a distribution system, special 
consideration is required to utilize DSGs to restore partial 
power to the islands that contain DSGs capable of stand-alone 
operation. 

Table 2.6-1 lists the DSG categories of functional requirements 
and their associated subfunctions. Each of these subfunctions are 
described in terms of tne following characteristics t 

e Functional description 

e Input or processed data 

e Controlled outputs and data 

e Interaction with other functions 

e Special requirements 

Figure 2.6-1 presents a functional block diagram that highlights 
the DSG control and monitoring functions at the DDC for the case of 
centralized control. At the same time it does show a number of other 
functions associated with communication and data handling as well as 
with power flow and quality. The emphasis in this "top-down" fig- 
ure is to show how the distribution dispatch center, where the DDC 
operator is located, is the site of many control and monitoring 
functions for the various DSGs that supply the power distribution 
system. 

Figure 2.6-2 presents a "bottom-up" functional block diagram 
which highlights the DSG power flow and quality control from the 
viewpoint of the DSG and shows the DDC to be a single block. 

Although communication, SCADA, and the DDC are referred to, the em- 
phasis is on the several DSG controls that are required to achieve 
the desired DSG conditions for the electric utility distribution 
system. The operator interface shown permits local operator control 
at the DSG when r.n operator is present. However, operation of DSGs 
without an operator is the desired condition. Further discussion 
of these diagrams is to be found in Section 8 where all the func- 
tional requirements are presented in detail. 

COMMUNICATION MISSION 


The communication requirements can be considered in terms of 
a mission that consists of the transmission of data from the dis- 
tribution dispatch center to the many DSG3 and back to the DDC. 

This is a 24-hour-a-day , 365-days-per-year mission in which there 
are many activities or functions which take place with different 
periodicities ranging from seconds to hours. Other operator-orig- 
inated, abnormal or emergency events, that take place on an unsched- 
uled basis or infrequently, will occur and may require priority ac- 
cess to the communication usage at the expense of other more routine 
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Table 2.6-1 

DSG CATEGORIES OP FUNCTIONAL REQUIREMENTS AND SUBFUNCTIONS 


Control and Honitorin 


DSG Command and Control 
Display and Recording 
DSG Scheduling and Mode Control 
Distribution Volt/VAR Control 
Load Control Including Restoration 
Automatic Generation Control 
Security Assessment 

Power Flow and Quality 


DSG Power Control 
DSG Voltage Control 
Harmonics 
Instrumental n 

Communications and Data Handling 

Distribution SCADA 
Communication 
Revenue Metering 
Information Processing 

Operational Requirements for DSG Normal, Abnorm al , 
and Emergency States ~ 


DSC. Control 

Operating Mode Control 
Personnel Safety 
DSG Stability 

Failure and Abnormal Behavi< r Detection and Correction 


Requirements 

Protection (Distribution Substation, Transformer, Feeder) 
Protection (DSG) 


Special (DSG) 


Start Capability 
Synchronization 
Stand-alone Capability 
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Figure 2.6-1. 


DSG Control and Monitoring Functional Block Diagram 
for Centralized Control (communication for control 
and monitoring of DSGs' functions primarily) 
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Figure 2.6-2. Power Flow and Quality Functional Relationship* 



















requirements that may hava to be preempted by priority evwnts. Thus 
soma flaxlbility must ba provided in tha idantification of tha com- 
munication mission requirements. 

Tha functional block diagram of Pigura 2.6-1 can ba radravm as 
in Figura 2.6-3 to amphasiza tha natura of tha information Inputs 
and outputs to tha communication link between tha DDC SC ADA and tha 
DBG SC ADA. DBG command and control sarvas as a gatharing point of 
information from savaral othar DDC- located sourcas Including tha DDC 
oparator and makas data availabla to information processing. 

Tha DDC SCADA function prepares this information and othar in- 
formation at tha proper time periods for communication to the vari- 
ous DSGs and to othar information sources such as the EMS. At the 
DSGs, information relating to tha periodic status of the various 
major elements of the DBG are prepared for transmittal by the DSG 
SCADA to the DDC information processing and output to the display 
and recording. 

Table 2.6-2 shows by the column headings the approximate time 
periods at which information must be handled to accomplish the sev- 
eral DSG functions which are indicated. Also shown in the boxes of 
the matrix are representative values of the amount of information 
that must be handled for the function and time periodicity indicated. 
In general there are commands and schedules which are of an ON-OFF 
nature on a daily basis that are associated with one to four times 
a day period. Also revenue metering might be done on a 15-minute 
to one-hour basis. Periodic update of DSG status covering status 
and analog data might take place on approximately an hourly basis 
corresponding to the 15-minute to one-hour period. On a five to 
ten minute period, power and voltage commands are sent to the DSGs 
and data returned. Normal scan for alarms and load frequency con- 
trol (LFC) information, where required, will be at a faster rate as 
associated with two to ten-second periods. Operator and EMS inputs 
may from time to time have need of a fast response (one to two 
seconds) associated with override requirements. On a priority basis 
these requirements may appear like a one to two-second period input. 
On a very occasional basis after the equipment is operating effec- 
tively, perhaps of the order of one per day to one per month, alarms 
and data by exception may occur. 

Although the various DSG functions develop the basic informa- 
tion to be handled, the distribution SCADA function is responsible 
for the proper information coding and development of the complete 
message to be communicated and received and how it is to be inter- 
preted. In many cases the data to be communicated are far more 
extensive and comprehensive than the particular basic information 
that it is desired to transmit or receive. This is especially true 
as several to many DSGs of different types are to be handled with 
differing degrees of information coverage required. 


} 

I 



Figure 2.6-3. Block Diagram Showing Information Inputs and Outputs 
to Communication Links Between DDC and DSGs 
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DDC-DSG VOLUME VERSUS TIME PERIOD, BY FUNCTION; 
APPROXIMATE TIME PERIODS AT WHICH 
DATA MUST BE HANDLED; AND QUANTITY (BITS) 

OF DATA PER DSG FUNCTION 
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Table 2.6-3 showing examples of the bits per second (BPS) 
data rate requirements for individual DDC-DSG functions Involving 
a communication link to a single DSG, indicates that rates from 
2 to 200 BPS may be required. The results indicated are of course 
affected by the nature of the many assumptions that went into their 
determination, and other data rates either higher or lower could be 
reasonably justified. For example, if ten seconds rather than two 
seconds were chosen for the time period of the most rapid functions, 
the maximum rate for the highest bit rate functions would be de- 
creased by about five to one. It should be emphasized that the 
resulting rates for combinations of functions may not be determined 
by adding the bit rates associated with the individual functions. 


Table 2.6-3 

EXAMPLES OF DATA RATE REQUIREMENTS 
FOR INDIVIDUAL DDC-DSG FUNCTIONS 
INVOLVING COMMUNICATION LINKS 


Function 

Function 

Period 

Allowable 
Transaction 
Time, s 

Data Rate 
(bps) 

Periodic Update of Variables 

1 Hour 

30 

9.3 

Alarm Reporting 

1 Month 

2 

197 

Scheduling and Mode Control 

1 Day 

300 

2.4 

Distribution Volt/VAR Control 

10 Minutes 

10 

16.7 

Automatic Generation Control, 
Load-Frequency Control Sub- 
function 

2 Seconds 

2 

145 

SCARA (Normal) Scan 

2 Seconds 

2 

91 


In considering the overall mission requirements of monitoring 
and control communications, one should include such factors as re- 
liability, error rate, efficiency, as well as physical environment. 

NMPC COMPOSITE 


As a vehicle for helping to understand the detailed functional 
requirements for monitoring and control of dispersed storage and 
generation, use was made of a distribution system composite in the 
vicinity of Syracuse, New York, which represented about 1% of the 
total Niagara Mohawk Power Corporation (NMPC) . 
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For many years Niagara Mohawk has been using dispersed hydro- 
generation to help meet a portion of its electric power needs, and 
further additions of 16 new units with almost 200 MM of added capac- 
ity are planned by 1990. NMPC also has an interest in other DSG 
sources such as fuel cells and storage batteries for possible ad- 
ditions to its system. 

Through the use of a few scenarios covering situations such as 
startup of DSG units, transient fault followed by successful reclose, 
and operation with the distribution system in the emergency state, 
it has been possible to identify a number of items that should be 
included in the detailed functional requirements. In particular 
these items have been included in the operational requirements for 
normal, abnormal, and emergency states? failure and abnormal behav- 
ior; and special control. 

Since NMPC is NOT planning the specific DSG installations that 
were considered in these scenarios, it was primarily the discipline 
of using the scenarios and the insight to the functional requirements 
which was of greatest benefit in this evaluation. One of the prin- 
cipal insights that developed as a result of the NMPC composite- 
scenario effort was the fact that activities may be taking place at 
different times for the different DSGs so that separate status in- 
formation may be required for each DSG. 

COST-AND-BENEFIT ANALYSIS 


The cost-and-benef it analysis effort in this DSG study has been 
of a general nature to identify the major issues involved. The costs 
considered have included those of the complete DSG unit or plant in- 
cluding the control and monitoring means. The benefits of DSG con- 
trol and monitoring have been viewed in the perspective of the whole 
utility system including generation, transmission, and distribution. 

The economic advantages for a particular DSG installation may 
vary broadly depending on a number of factors including size, cost, 
and available capacity factor of the DSGs; the availability of ex- 
isting or planned communication means; the extent of system load 
growth and generation supply availabiltiy ; and the environmental 
requirements. With the increasing costs for added central genera- 
tion supply it appears that dispersed storage and generation instal- 
lations should become more economically favorable in the future. 

The intent of the cost-benefit study was not to answer the 
specific question as to whether a particular distribution DSG system 
design was cost effective. Rather the study was intended to provide 
sufficient cost and performance information insight to assist future 
designers of distribution DSG systems with an indication of which 
factors are of importance in evaluating alternative distribution 
DSG system designs. 
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2.7 CONCLUSIONS 


1. The result* of the DSG Monitoring and Control Requirement 
Definition Study indicate that there are no fundamental tech- 
nical obstacles to prevent the connection of dispersed storage 
and generation to the distribution system although much work re- 
mains to be accomplished. 

2. A communication system of considerable sophistication is 
required to integrate the distribution dispatch center to the 
many possible DSGs of differing sizes, energy characteristics, 
and types of owners. 

3. The seven different DSGs that were studied appear to be 
capable of operation from a common control interface at the 
distribution dispatch center. However, a certain measure of 
customizing at the DSGs is required to accommodate the differ- 
ent DSGs to the DDC interface. A significant amount of advanced 
engineering applications work remains to be done to accomplish 
the desired engineering results for such integrated systems. 

4. The functional requirements for DSG integration indicate 
the importance of the following factors: 

• Increased communication. In addition to providing the 
means for information flow, it is necessary to keep 
track of much data from many sources. 

• Utility control hierarchy. The organization of the 
monitoring and control structure to place proper empha- 
sis on the power and control functions in an economical 
fashion. 

• Personnel safety. Utility operating personnel are re- 
quired from time to time to work on the distribution 
system. With an increasing number of DSGs on the distri- 
bution system a greater effort is needed to ensure that 
there will be no degradation in the level of personnel 
safety. 

To achieve these requirements with low-cost hardware im- 
plies standardization of - 

• System architecture and interfaces 

• Communication protocols 

• Operator interface 

• DSG protective interface 

• DSG control interface 

5. The selected DSGs that were studied varied in the detail 

of their local controls and in their input control requirements. 
In terms of. their outputs, however, they have a relatively small 
number of different characteristics: 
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• Alternating current or direct current in term* of pri- 
mary energy output 

• Schedulable or nonschedulable in their energy availabil- 
ity 

DSG size can have an important influence on the extent of 
central controllability required by the utility. 

• Small DSG* need not have the power closely controlled 
and may be considered as a variable negative load. 

• Larger units warrant greater control of their power and 
may be considered as an alternative to central genera- 
tion. 

Some DSGs that are owned by the customer may be of such a 
nature that the customer is unable or unwilling to let the util- 
ity control their power generation. For other customer-owned 
DSGs, arrangements may be made for the utility to obtain con- 
trol of the scheduling of such units. 

6. The 3000/1 size span of DSGs being considered, from 10 kW 
to 30 MW, is so great that appropriate monitoring and control 
means for the larger units may not be suitable for the smaller 
ones. For larger DSGs, i.e., greater than 5 MW, the cost of a 
rather complete DDC monitoring and control means seems to be a 
rather small portion (less than 3%) of the total DSG and control 
costs. For smaller DSGs, i.e., less than 0.1 MW and customer- 
owned, a much simpler, less expensive, monitoring and control 
means may be all that can be justified economically. 

7. Several possible states, i.e. , normal, emergency, and so 
forth, exist for a DSG as well as for its associated distribution 
system. A major effort is required to establish the control 
logic for the selection of the proper control mode for a DSG at 
each time period. Coordination of DSG and distribution protec- 
tion means must be developed and implemented. 

S. The six major functional requirements categories listed be- 

low provide a useful frame of reference for partitioning and de- 
scribing the DSG monitoring and control requirements. These 
categories are helpful in establishing a useful hierarchy of 
control and in relating the DSGs to existing and planned dis- 
tribution systems. As such, they can serve as a basis for future 
work on monitoring and control and provide a means for more 
ready exchange of information among utilities, suppliers, cus- 
tomers, and others in integrated DSG distribution systems. 

A. Control and monitoring requirements that are associated 
with the way the DDC operator and/or EMS interact at the distri- 
bution dispatch center level to provide information about and to 
be able to command and control remotely those DSGs on the sys- 
tem. This function represents the overall, top-level control 
of the DSGs. 
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B. Power flow and quality requirements that relate pri- 
marily to the power characteristics of the DSG and as 
such serve to define what is physically possible from 
the DSG or what is essential from the point of view of 
the distribution network. This function pertains to 
the characteristics and control of the power generation 
or power storage process or equipment. 

C. Communication and data handling requirements that per- 
tain to the necessary information transfer and data 
handling between the DDC and DSGs, the data transfer 
interfaces between these equipments and the communica- 
tion links, and the associated and necessary informa- 
tion processing at the DDC. These functions are pri- 
marily involved in the transfer of command and control 
data from the DDC to the DSGs and the return of moni- 
toring (normal and alarm) data from the DSGs to the 
DDC. 

D. DSG normal, abnormal, and emergency states whose opera- 
tional requirements relate to local control of a DSG 

at its own site. Each DSG requires controls to start 
it up, to operate it under all of its operating states, 
to maintain it to stand by, to shut it down, and the 
ability to decide which condition or state should be 
ordered. 

The requirements for these operational controls and the 
integration of these controls with commands from, and 
monitoring to, other portions of the distribution DSG 
system are included in the requirements of this cate- 
gory. 

E. Failure and abnormal behavior detection and correction 
requirements that are associated with the DSG protec- 
tion equipment and indicate what action is required of 
the protection equipment under the many possible DSG or 
distribution network states. This function takes place 
at the DSG site and represents very fast action to pro- 
tect the DSG power and other equipment from damage to 
itself or other equipment. 

F. Special DSG control requirements that are related to 
equipment at the DSG site and pertain to special con- 
trols such as those for startup, standby, and shutdown 
for each DSG technology. These controls tend to per- 
tain to the carrying out of subordinate, but essential, 
functions that are actuated or initiated by other func- 
tional categories. 
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9. A large growth ii'. the availability and use of the dispersed 

storage and generation is highly probable during the period from 
1990 to 2000. Using conservative projections for electrical 
power demand for the year 2000 and assuming that, as an example, 
5% of this is supplied by DSGs, one can estimate that, 

13.000 DSG units 1 MW and larger, and 

300.000 DSG units 10 kW and larger, may be required. 

New and improved DSG equipments using lower cost energy 
sources are being designed and built, and the cost of non- 
renewable energy for conventional generation means continues to 
rise thus making dispersed renewable generation more attractive. 

10. Recent Federal Energy Regulatory Commission rulings under 
PURPA Section 210 mandate the purchase by utilities of co- 
generation and power production from small facilities, i.e., 
under 30 MW, at price rates equal to what it would cost the pur- 
chasing utility to generate the energy itself. This ruling is 
intended to encourage the use of DSGs. 

Continued emphasis on establishing a more definitive set 
of conditions of agreement, both technical and financial, be- 
tween utilities and customers reqarding DSG operation is re- 
quired. The connection between the utility and the customer- 
owned DSG must be under utility control to ensure personnel 
safety. 

11. The costs and benefits for monitoring and control of DSGs 
must be considered with respect to the whole system, including 
generation and transmission, and not on the basis of distribution 
alone. Likewise, scheduling and control of remote DLG units 
should be based on the need to make the overall system service, 
i.e., generation, transmission, and distribution, most effective. 
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2*8 RECOMMENDATIONS 


The conclusions have indicated that there will he a large 
growth during the 1980-2000 period in the use of DSGs in connection 
with electric utility systems. It is important that the research 
and development be started now on the critical tasks noted below 
and that are required for the success of DSG integration. The time 
for this effort is now before the DSGs are commercially available 
on a large scale, and while development demonstrations of integrated 
distribution DSG systems can be used to gain valuable operating 
experience. 

The present study program should be extended to accomplish the 
following tasks: 

1 . Scheduling/Dispatching Methods for DSGs 

Define, develop, and demonstrate effective scheduling 
and dispatching control of specific DSGs with near- 
term potential. 

2. Standard Dispatching Operator Interface for Various DSG 
Technologies 

Define, develop, and assess a standard monitoring and 
control interface for utility operators to remotely 
control various DSGs. Particular emphasis should be 
given to developing means for use of common hardware 
and software elements for the integration of different 
DSGs . 

3 . Design Guidelines for the Integrated Operation of DSGs, 

Lo ad Controls, and Distribution Automation Using Real- 
Time Distribution Control and Communication Equipment 

Define and categorize the conceptual framework for the 
operation of future utility distribution systems that 
contain DSGs, load control devices, and distribution 
automation and control systems. 

4 . Preparation of a Preliminary Specification for a Utility 
Integrated Distribution DSG System Design 

This specification for hardware and software should 
incorporate the recommendations from the preceding 
three tasks into the basis for a system design that 
will carry out the DDC control and monitoring and the 
communication and data processing functions for DSG 
integration into a combined DSG load control and 
distribution automation control system. 
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Section 3 

RELATIONSHIP OF DSQ TO EXISTING ELECTRIC UTILITY SYSTEMS 


3.1 INTRODUCTION 

Major elements of the overall electric utility system include 
the bulk generation-transmission system, the distribution system, 
and the customer load system. Dispersed storage and generation 
units can be considered as a fourth element which must be operated 
compatibly with the other elements of the utility system. 

Overall responsibility for the bulk generation-transmission 
system generally rests with a company dispatching center. At pres- 
ent, this center is often called the energy management system (EMS) . 
EMS directs the control of bulk generation to maintain tie-line 
schedules and area frequency and is responsible for minimizing the 
cost of power generation within security constraints. This center 
normally has access to telemetered values of major tie-line flows, 
output of generating units or plants, and system frequency. Auto- 
matic generation control is one of the major functions at the EMS 
and it is responsible for sending raise-lower control signals to 
each generator under control. For some large DSG units, control 
may be from the bulk level (EMS) . 

Many utilities have transmission divisions. Division opera- 
tors are responsible for switching operations within the division. 
Transmission substations may be manned or unmanned. Unmanned trans- 
mission substations will be controlled and monitored via supervisory 
control such as the modern supervisory control and data acquisition 
(SCADA) systems. Manned transmission substations may also include 
SCADA remote units. 

The distribution system is the component of the electric util- 
ity system which delivers energy from the transmission system to 
the customer load. The distribution system includes the distribu- 
tion substations that reduce voltage to a level suitable for dis- 
tribution and the distribution primary feeders and secondary cir- 
cuits which connect to user load. 

Figure 3.1-1 represents a typical electric utility system of 
the sort described above and indicates a utility system without the 
benefit of dispersed storage and generation. 

Distribution substations have generally been operated unmanned 
for many years using separate subsystems for control, protection, 
and monitoring. SCADA remotes are becoming more prevalent at dis- 
tribution substations for control and for communication of neces- 
sary information back to distribution dispatch centers (DDC) . A 
number of DDCs may report to an EMS. Each DDC can have responsi- 
bility for a number of distribution substations, up to 50 or more 
in some utilities. Interest is growing in further automation of 
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Figure 3.1-1. A Typical Electric Utility System 

the distribution system to obtain benefits of better utilization 
of the power system and equipment, improved operation, reduced 
outage duration, and better information for planning. 

The bulk generation-transmission system, distribution system, 
and customer load are shown in Figure 3.1-2 together with the major 
elements of a representative electric utility control hierarchy. 
Different utilities use differing control hierarchies depending 
on their own particular requirements. Power pool coordination, 
shown in Figure 3.1-2, is responsible for improving overall eco- 
nomics and has control over generation, maintaining net pool tie 
flow, and frequency. 

Other major elements of the representative control hierarchy 
shown in Figure 3.1-2 include the EMS and the DDC. The full co- 
ordination between the EMS, the DDC, and the load management sys- 
tem (LMS) has not been fully resolved by the industry. Load man- 
agement may include load control or automatic meter reading, or 
both. 


Figure 3.1-3, patterned after the Typical Electric Utility 
System of Figure 3.1-1, indicates in a schematic fashion how dif- 
ferent dispersed storage and generation equipment could be located 
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Figure 3.1-2. Representative Utility System and Control Hierarchy 


at the distribution substation, the distribution feeders, or even 
at the customers' homes, depending on the size and ownership of 
the DSG source. It is anticipated that operation of DSG units of 
medium and large size will generally be scheduled from distribu- 
tion control centers such as a DDC. In some cases control and 
monitoring will be direct between the DDC and the DSG units. With 
automated distribution systems, control and monitoring of DSG units 
may utilize distribution automation equipment at the distribution 
substation level. 

Three basic methods that must be considered for DSG units to 
be interconnected with the utility distribution system and/or cus- 
tomer load are : 

• DSG-Distribution System Interconnection: Utility owns 

and operates DSG. 
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Figure 3.1-3. Typical Electric Utility System with DSG 

• DSG-Distribution System Interconnection; DSG unit is 
connected directly to distribution system but it is owned 
and operated by nonutility personnel. 

• DSG-Customer Load Interconnection; DSG unit is connected 
internally to customer load and is owned by the customer. 
The DSG is not tied directly to the distribtuion system 
except via the customer load system and the metering 
point. 
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3.2 SITING AND OPERATION OF D6G WITHIN THE UTILITY SYSTEM 


Most of the DSG technologies presently being used or developed 
are expected to be less than 50 MW and are thus naturally matched 
to the distribution systems of the utilities. The DSG sources such 
as load leveling battery systems or fuel cell systems of approxi- 
mately 25 MW, naturally interface to the utility systems at the 
distribution substations where the electric power is stepped down 
to the primary distribution voltage (e.g., 13 kV) and where an en- 
closed area is available for these systems. Medium dispersed 
sources (1 to 5 MW) such as wind or solar could also be installed 
within the substation or along the main feeders (e.g., 13 kV) which 
provide power to about 500 homes. For small sources (up to 100 kW) 
such as solar or wind which can provide power for a family, the 
natural location appears to be adjacent to the house. 

Figure 3.1-3 depicts conceptually where dispersed sources may 
be integrated with the electric distribution system by virtue of 
rating. To assure reliable and efficient operation of these sources 
in conjunction with the traditional bulk power provided by the elec- 
tric utility, the control of these sources must be integrated with 
that of the distribution system. Understanding of the control and 
integration of dispersed energy sources into the nation's utility 
network is needed to appreciate the research and development efforts 
needed to implement dispersed energy sources on a broad scale. 

From an energy source siting and improved customer services 
point of view, DSG technologies naturally fit with the utility sys- 
tem in the power distribution system. From a utility operational 
control point of view, DSG sources must be coordinated with the 
operation of the total utility system. Tnus, the DSG sources must 
be coordinated through control and communication systems on the 
distribution system. 
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3.3 POWER SYSTEM OPERATING STATES 


Power system operating condition® can be described by five 
operating state®:* normal, alert, emergency, in extremis, and 
restorative. The industry has not developed precise definitions 
for these operating states. The characterization into these five 
states was developed for the overall power system but the operat- 
ing states have been considered primarily in relation to the bulk 
system. A brief description of the five operating states follows 
and the states and transitions between the states are shown in 
FJcure 3.3-1. 



Figure 3.3-1. Power System Operating 
States 

In the normal operating state, generation is adequate to meet 
existing total load demand. No equipment is overloaded and reserve 
margins for generation and transmission are sufficient to provide 
an adequate level of security for the stresses which may be im- 
posed on the system. 

The alert state is entered if the probability of disturbance 
increases or if the system security level decreases below a par- 
ticular level of adequacy. In this state, all constraints are 
satisfied such as adequate generation for total load demand and 
no equipment is overloaded. However, existing reserve margins 
are such that a disturbance could cause overloads or other levels 
to be exceeded corresponding to physical limitations of equipment. 
In this state, preventative action can be taken to restore the 
system to normal. 

In the emergency state, which is caused by a severe distur- 
bance taking place before preventative action is taken, the system 
is still intact; but overloads exist, or other physical limitations 
of equipment are exceeded; system security is reduced, and emer- 
gency control measures are required to restore the system to the 
alert or to the normal state. If the action is not taken in time, 
and the disturbance or a subsequent disturbance is sufficiently 
severe, the system begins to disintegrate. 


*L.H. Fink and K. Carlson, "Operating Under Stress and Strain," 
IEEE Spectrum , March 1978. 
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When system disintegration is occurring, the power system is 
in the in extremis state. Generation and load equalities are not 
satisfied and major portions of system load are lost. Physical 
equipment overloads are occurring and equipment limitations are 
exceeded. Emergency control action is necessary in this state to 
keep as much of the system as possible from collapse. 

In the restorative state, control action is taken to pick up 
lost load and reconnect the system. 

In the discussion of the above operating states, security is 
considered to be an Instantaneous time varying condition that is 
a function of the robustness of ti<e system relative to imminent 
disturbances. Security is determined by the relationship between 
system reserve margin and the contingent probability of distur- 
bances. Stability is a factor in security and is related to the 
continuance of parallel, synchronous operation of all operating 
units. 

3.3.1 DISTRIBUTION SYSTEM OP. BATING STATES 


All five power system operating states apply to the distribu- 
tion system. In considering the normal, alert, emergency, in ex- 
tremis, and restorative operating states in the context of the 
distribution system and DSG integration, the following examples 
of these states are suggested. 

Normal - All customer loads are being served and no over- 

loads exist on distribution substations, feeders, 
or eq. -ent. Feeders are in their typical con- 
figuration. Voltage, levels at all points are 
within specified limits. No equipment limita- 
tions are being exceeded. DSG equipment may or 
may not be in service depending on scheduling. 

Alert - All customer loads are being served and no ele- 

ment of the distribution system is overloaded. 
"Reserve" distribution capacity is reduced in 
this 3tate; however, e.g., feeder reconfigura- 
tion has occurred with load transfer to a dif- 
ferent feeder leaving less capability to transfer 
load in the event of a subsequent disturbance. 
This state is entered when major distribution 
system equipments; e.g., substation transformer, 
or some DSGs, are out of service and result in 
increased vulnerability in the event of a sub- 
sequent disturbance. In the alert state, no 
physical equipment limitations are exceeded, 
but specified alarms may be occurring indicating 
that limits are being approached. Examples of 
this state are transformer LTC at maximum raise 
or minimum lower tap position, ratio of feeder 
or transformer actual current to normal rating 
exceeds specified limit, and so forth. As 
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indicated, all customer loads are being served 
in this state. However, load management (load 
control) may be occurring on direction from the 
Energy Management System or Distribution Dis- 
path Center to achieve a reduction in system 
load. 

Emergency - In this state, substation or feeder overloads 

are occurring, or distribution equipment or DSG 
limitations are being exceeded. This state is 
entered also when under frequency conditions are 
detected or when emergency load shedding is in 
progress by the energy management system or dis- 
tribution dispatch center. 

The distribution system is in the emergency 
state during storm or other conditions with 
numerous customers out of service because of 
lines being down and/or loss of major transmis- 
sion facilities serving the distribution system. 

In Extremis - Power system operational disintegration is oc- 
curring. This state can be reflected in DSG 
units operating in island conditions on the 
distribution system. Communications facilities 
(for control and monitoring of DSG units) to 
control centers may be reduced because of the 
conditions causing this state. 

Restorative - Control action is taken to pick up customer load 
which has been lost. Examples of this state in- 
clude load restoration with cold load pickup 
following load shedding, service restoration to 
unfaulted feeder zones on a feeder which has 
experienced a persistent fault, and so forth. 
Other examples include cases when DSGs are being 
reconnected to the distribution system after 
this system may have been operating in an island- 
ing condition under DSG power. 


3-8 


3.4 DISTRIBUTION SYSTEM DESIGN AND OPERATION CONSIDERATIONS 


In the integration of DSG units into the utility distribution 
system, it is important to study the significant design and opera- 
tion considerations of the distribution system. These can be di- 
vided into three categories s general, distribution substation, 
and distribution feeder. Major considerations in each category 
are listed in Table 3.4-1. 

Table 3.4-1 

DISTRIBUTION SYSTEM MAJOR DESIGN 
AND OPERATION CONSIDERATIONS 

General 

Economics 
Load Growth Rate 
New Loads 

Operating Problems 
Personnel Safety 
Protection of Equipment 
Quality of Supply 
Siting 

Reactive Power Supply 
New Concepts 

Utility Control Hierarchy 

Distribution Substations 

Transmission Availability and Loading 
Future Transmission Plans 
Substation Transformer Size 

Load Transfer Capability to Adjacent Substations 
Number of Feeder Circuits that Can Be Installed 
Protection and Control 

Distribution Feeders 

Adequate Voltage to Users 
Feeder Loading 
Feeder Reconductoring 
Sectionalizing Guidelines 
Protection and Control 
Fault Current Available 


3.4.1 GENERAL 


The electric utility distribution system has the objective of 
economically supplying electrical energy at satisfactory voltage 
to its users. The users include industrial, commercial, and res- 
idential customers and may be located in either urban, suburban, 
or rural areas. An important characteristic of the utility sys- 
tem load is that it is constantly changing. The load varies ac- 
cording to the daily load curve for each utility and it may have 
a different load shape for different weekdays and different seasons 
of the year. The peak load also varies. 

Dispersed storage, for example that obtained from the use of 
storage batteries or hydrogeneration, can help meet these changing 
load needs. Some dispersed generation, such as solar, can have 
a fortunate coincidence of peak generation occurrence at approxi- 
mately the same time as when high air conditioning loads occur. 

Thus DSGs can help meet the distribution system's changing load 
needs . 

Increased load requires adequate capacity at each system level 
generation, transmission, and distribution. At the distribution 
system level, anticipated load growth must be considered in plan- 
ning of substation transformer ratings, breaker ratings, feeder 
ratings and routing, and so forth, and will affect timing of the 
addition of new substation and feeder capacity. Similarly, the 
addition of new spot loads must be considered in the design of 
the system. 

Operating problems include maintaining the quality of supply 
to users, e.g., voltage magnitude, reliability of service, restora- 
tion of service after outages, load transfer to adjacent feeders 
and substations, and so forth. 

Personnel safety considerations affect both distribution sys- 
tem design and operation in establishing operating and maintenance 
procedures for both normal and emergency conditions. Protection 
against faults and overloads must be provided for both the dis- 
tribution substation and feeder equipments. 

Siting is increasingly important both for substations and 
feeders. New distribution substation sites will be affected by 
a number of factors, e.g., availability of transmission or sub- 
transmission supply, lack of new sites in suburban and urban areas, 
regulatory approvals for certain areas, proximity of load area, 
and so forth. 

Quality of supply includes voltage magnitude, frequency, bal- 
ance between phases, harmonic content of voltage and current wave- 
forms, and reliability of service. With the trend to higher dis- 
tribution voltages and longer and more heavily loaded feeders, 
more users are affected by a fault on the feeder. The result has 
been that maintaining service reliability at levels comparable to 
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earlier 4 kV system reliability, e.g., average outage of 30 to 60 
minutes per year per customer, has not been achieved generally. 

New concepts, such as computer control of feeder automatic section- 
alizing, offer the potential to improve reliability for these longer, 
more heavily loaded feeders. A significant characteristic to be 
considered also is that while primary distribution feeders are 
three-phase circuits, a sizable fraction of the load is single- 
phase. The utilities distribute these single-phase loads among 
the three phases to minimize unbalance, but the actual degree of 
unbalance between phases is continually varying and unbalances of 
10% or more are not uncommon. 

Reactive power supply, or VAR supply, is another important 
design and operating consideration of the distribution system. 

In addition to the reactive power requirements of the distribution 
system, substation and/or feeder shunt capacitors are often used 
to supply reactive power to the subtransmission or transmission 
system. 

New concepts, such as automated distribution systems, will 
have significant impact on future design and operation of the dis- 
tribution system. Distribution substations have been operated un- 
attended for many years; in most cases by individual separate sub- 
systems including protective and control relays, supervisory con- 
trols, recorders, and so forth. Technical and economic advances 
in digital electronics technology are making possible new oppor- 
tunities for integrated control, protection, and instrumentation 
of the distribution system and offer potential advantages such as: 

• Improved utilization of power system facilities 

• Improved system operation 

• More complete and timely information for system planning 

• Reduced outage duration 

Automated distribution application areas include the distri- 
bution substation, feeder, and user level, and also distribution 
communications. Automated feeder sectionalizing is one of a number 
of distribution functions which are being considered or implemented 
in automated distribution systems. Improved utilization of substa- 
tion and feeder facilities with opportunities for deferring new 
system investment offer the potential for significant economic 
savings through improved monitoring and control. Load management 
and dispersed storage and generation offer opportunities for sig- 
nificant savings in possible deferral of new generation and/or 
transmission capacity. 

The utility control structure is another significant charac- 
teristic. An example was shown in Figure 3.1-2 which indicated 
a number of distribution dispatch centers (DDCs) which communicate 
upward to the energy management system (EMS) and downward to dis- 
tribution substations and/or feeders and users. Each DDC , in turn, 
would have responsibility for a number of substations; e.g., up to 
50 or more substations per DDC. 
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In considering the technical and operational issues of D6G 
integration into the distribution system, three approaches were 
chosen: a centralized control and monitoring approach, a decen- 

tralized control and monitoring approach, and a local approach. 
These are discussed in more detail in Section 6 

3.4.2, DISTRIBUTION SUBSTATIONS 

Distribution substations are fed from the transmission or the 
subtransmission system of the utility. These substations vary in 
size and complexity from a simple arrangement supplying one dis- 
tribution feeder to highly automated substations supplying many 
feeders. The substations may be in urban, suburban, or rural areas 
and the location will be affected by a number of factors including 
the load area served, the substation site availability, the regu- 
latory considerations, and the availability of transmission or sub- 
transmission facilities. 

Several representative distribution substation configurations 
are shown in Figure 3. 4. 2-1. The number of substation transformers 
and distribution feeders varies according to individual electric 
utilities. Some substations may have only one transformer while 
others may have up to 4 or more with 20 to 25 feeders. 

Different substation transformer kVA ratings are used by var- 
ious utilities. These transformer ratings may vary from as small 
as 1000 to 2500 kVA for small rural applications up to 50,000 or 

60.000 kVA for the larger substation transformers. For example, 
the typical transformer ratings used by Commonwealth Edison for 
their fully implemented TDC substation in Figure 3. 4. 2-1 is four 

40.000 kVA transformers, or 160,000 kVA for the substation. 

The principal components in the distribution substation are 
the transformers, high- and low-voltage switching equipment, and 
the associated protective relays and control and communications 
equipment. The switches, circuit breakers, and relaying and con- 
trol equipment are necessary for system operation, detection of 
abnormalities, and the rapid isolation of faulted circuits or 
equipments . 

Distribution substations are usually unattended. The control, 
monitoring, and protection functions are generally performed by 
separate devices at the substation; e.g., voltage control, protec- 
tive relaying, chart recorders, and so forth. Utility service 
personnel are scheduled from a control center, such as a distribu- 
tion dispatch center (DDC) , for maintenance and inspection of the 
substation. An increasing trend is to install supervisory control 
and data acquisition (SCADA) systems with remote SCADA terminal 
units at distribution substations. These systems provide the tra- 
ditional supervisory control functions of control, indication, and 
data and act under the direction of computer-directed master sta- 
tions. Larger distribution substations may also include sequence 
of events recorders and fault recording systems. 
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Figure 3. 4. 2-1. 


Some Representative Distribution Substation 
Conf igurations 


At the substation, the voltage may be automatically regulated 
by using transformers equipped with tap changers that operate under 
load (LTC) , by regulators and/or capacitors that maintain the de- 
sired voltage level on the substation bus, or by separate regulators 
for each feeder. LTC transformers or bus regulators may be used 
when all feeders connected to a transformer have similar load and 
voltage drop characteristics. 
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Control and protaction function* for a distribution substa- 
tion depend upon the substation configuration and size. A listing 
of the more common functions is shown in Table 3. 4. 2-1. 

Table 3. 4. 2-1 
DISTRIBUTION SUBSTATION 

Representative Control and Protection Functions 

Automatic Bus Sectionalizing 
Automatic Breaker Reclosing 
Breaker Failure Protection 
Bus Differential Protection 
Overcurrent Protection 
SCADA Remote 
-Control 
-Indication 
-Data 

Transformer Differential Protection 
Subtransmission Line Protection 
Underfrequency Relaying 
Vo It /VAR Control 
-Capacitor Bank 

-Transformer Load Tap Changing (LTC) 

-Voltage Regulators 


These functions are shown in Figure 3. 4. 2-2 with a represen- 
tative substation configuration, and principal equipments in the 
substation with which these functions act are identified. 

3.4.3 DISTRIBUTION FEEDERS 

The distribution circuits that carry power from the distri- 
bution substations to the local load areas are known as primary 
circuits or feeders. They generally operate at voltages between 
2,400 and 34,500 volts. These circuits may be overhead or under- 
ground, depending on the load density and the physical conditions 
of the particular area to be served. The distribution system de- 
sign and operation must result in the primary voltage at any point 
along the feeder being within prescribed limits. 

As an example, one utility's voltage criteria are that the 
primary feeder voltage will be within the range of 98.8 to 105« 
during normal conditions, and this voltage must not be less than 
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Figure 3. 4. 2-2. Substation Control and Protection 

95% during emergency conditions. Feeder voltage regulators some- 
times supplement transformer LTC for voltage control, and fixed 
and switched feeder capacitor banks are also used for voltage/VAR 
control . 

A simplified diagram of a radial feeder circuit is shown in 
Figure 3.4. 3-1. Radial feeders are generally used in distribution 
systems, but network systems are also used by some utilities par- 
ticularly in urban areas. As shown in Figure 3.4. 3-1, peak load 
for a 15 kV feeder will normally be in the range of 6,000 to 10,000 
kVA but may be greater for some utilities. For higher voltage dis- 
tribution, feeder loadings will be higher. It is also necessary 
to check the transformer to feeder connection current ratings for 
normal and emergency operating conditions. Most utilities assign 
a normal and emergency current or kVA rating to their feeders. 

In the radial feeder arrangement of Figure 3.4. 3-1, main 
primary feeders from a substation serve the surrounding area. 

Each feeder is connected to the substation through an automatically 
controlled circuit breaker. The remote ends of the main feeder 
often terminate in normally open switches to provide an alterna- 
tive source of supply. Sectionalizing switches may be installed 
at intervals along the main feeder so that segments may be isolated 
to facilitate restoration of service following an outage or for 
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maintenance of facilitiee. Lateral* branch from tha main feeder 
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uaually connactad to tha main faadar through a fuaa or automatic 
sectionalizing davica. Tha latarala may in turn hava a number of 
branchaa that are connected through fuses, switches, or other sec- 
tionalizing davicaa. 


A rapraaentative circuit diagram ia shown in Figure 3. 4. 3-2 
ahowing aevaral main primary diatribution feadara, with tiaa be- 
tween feedera from the eame and from different substations. Sec- 
tionalizing awitchea are ahown that divide the feeder into aevaral 
aectiona or zones and that tie to adjacent feedera. For 15 kV 
claaa diatribution feeders, a guideline is three or four zonea 
(or aectiona) per feeder. For higher diatribution voltages, 25 kV 
and 35 kV class, there may be four or five zonea per feeder. 


SUBSTATION A 


vjJL*/ 


-D 


JL 

jjr 


-ft 




4 ) 


0) 0 


SUBSTATION B SUBSTATION C 







cb 


■Hf 

o 


o 



3 


<P- 


"TT 

'T 


FEEDER SECTION 

N.C. SECTION- 
ALIZING SWITCH 




4 ) 


N.O. SECTION- 
ALIZING SWITCH 


SWITCHED 

CAPACITOR 

BANK 


Figure 3. 4. 3-2. Representative Feeder Configuration Illustrating 

Ties Between Feeders-Load Transfer Capability and 
Protection and Control with Feeder Deployment and 
Automatic Sectionalizing 


The relaying for the feeder circuit breaker at the substation 
is coordinated with the fuses or automatic sectionalizing devices 
associated with the primary laterals. In most arrangements, the 
feeder circuit breaker is tripped by feeder overcurrent relays and 
will reclose within a few cycles or after a time delay of a few 
seconds for a fault on the feeder. If a feeder fault is of a tran 
sient nature, such as a lightning flashover, all service will be 
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restored and the only effect to the customer* served by thi» feeder 
will be a momentary interruption. In tha avant tha fault la per- 
sistent, a fuse or automatic sectlonellxing davica will iaolata a 
faulted lateral, and tha faulted lateral will be without aarvica 
until tha trouble ia repaired or iaolatad. All other cuetomera 
aarvad by the feeder will experience only a momentary interruption. 

In the event that a peraiatent fault ia on the main feeder, 
the entire area aerved by the feeder will be without aervlce until 
the faulted feeder zone ia iaolatad. Service may be reatored to 
the remaining zonea by awitchlng to alternate aourcea, if available. 
If alternate aourcea are not available beyond the point of trouble, 
aervice cannot be reatored in and beyond the faulted zone until 
repaira can be made. In Figure 3.4. 3-2, only the main primary 
feeders are shown. The sectional. 1 zing switches are manually op- 
erated for nonautomated systems. Automated distribution systems 
are controlled from a remote point utilizing a distribution com- 
munication system. Depending on the degree of automation, such 
a system may be controlled by an operator or automatically con- 
trolled by the automated distribution system. In an automated 
implementation of feeder deployment and automatic sectionalizing , 
fault detectors would be located at each sectionalizing switch 
location. For a faulted radial feeder, all fault detectors be- 
tween the substation feeder breaker and including the switch on 
the source side of the feeder will be picked up providing an in- 
dication of the fault location. An automated distribution system 
can then open the appropriate switches automatically to isolate a 
faulted feeder zone and to close the proper switches to restore 
service to unfaulted zones on the affected feeder. 

With the addition of DSG on the distribution feeder, tho above 
automatic fault location technique becomes more complex since addi- 
tional fault detectors may be picked up depending on the DSG loca- 
tion and on the fault location. 

Similarly, distribution recloser and fuse coordination on the 
feeders anc laterals with the feeder breaker at the substation will 
be affecten by the addition of DSG on the feeder, Another factor 
to be considered is the fact that with both distribution feeder 
reclosers and automatic breaker reclosing for the feeder breaker, 
and depending upon reclosing sequences and operations, there may 
be either too much or too little load remaining for a DSG located 
remotely on a feeder to carry the isolated load by itself. Another 
effect could be the out-of-synchronism reclosing between the system 
and the DSG with resulting higher transient torques. Conditions 
such as these can be associated with DSGs operating under the 
situation of "islanding." 

The distribution feeder breaker and feeder reclosers are se- 
lected on the basis of voltage class and of fault current available. 
The addition of DSG units, either at the substation or remotely on 
the feeder, may affect the available fault current and this must 
be considered in choosing interrupting ratings. 
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Listed in Table 3.4. 3-1 are morn* of the sore significant dis- 
tribution feeder characteristics or requirements that mist be con- 
sidered in integration of DSG with the feeder. 

Table 3. 4. 3-1 

SOME DISTRIBUTION FEEDER CHARACTERISTICS 
OR REQUIREMENTS TO CONSIDER WITH DBG 

Communications to/from DSG 
Fault duty 

Fault location determination 
Feeder loading capability 
Feeder phase unbalance 
Feeder reactive power requirements 
Feeder reclosing 
Feeder protection 
Quality of service 
Personnel safety 


3.4.4 CUSTOMER LOAD INTERCONNECTION 

There will be some cases where DSG units are connected within 
user load systems. In those events the DSG is most likely to be 
controlled by the user. It is not tied directly to the distribu- 
tion system except through the user connection to the utility dis- 
tribution system and metering point. Many of the factors listec. 
in Table 3.4. 3-1 will apply with the DSG unit connected in the 
customer load system 




3.5 TRANSITION OF DSGs INTO WIDESPREAD ELECTRIC UTILITY 
SYSTEMS USE 

The previous portions of this section have stressed the nature 
of the current electric utility systems in the United States and 
have indicated in a general way the location at which DSG plants 
may be placed in future distribution DSG systems. Subsequent sec- 
tions of this report will present information on planning for in- 
tegrating DSG plants into the distribution system, and on deter- 
mining the criteria for deciding how much of what type of which 
DSG technology should be purchased when and located where. 

It is worthwhile at this time to comment briefly here about 
what is likely to be the nature of the transition from the present 
condition '.’here few DSGs exist, to a condition in the next 5 to 10 
years when tl re will be some significant number of DSGs installed 
and in operation, to the years 1995 to 2000 when there will be many 
DSGs in operation. What will be described represents simply an ed- 
ucated guess as to what may happen rather than any authenticated 
plan of some official planning group. 

3.5.1 FEW DSGs 


The present situation where a relatively small number of DSGs, 
principally small hydro, are being operated, represents what hap- 
pens when there are only a few DSGs on a utility system. This 
situation causes a small enough impact so that the DSGs can be 
handled as a minor adaptation of past practices. 

For scheduling purposes, the few small generating units are 
treated as are other scheduled units. The dispatcher, by phone 
or other means, is in touch with the people who look after each 
unit or who set the clock timers that can start or stop any auto- 
matically controlled generators. 

Automatic reiuote control or monitoring is limited, and tele- 
phones and manual control and monitoring of chart data at the site 
are the accepted procedures. Thus, experience is being obtained 
with the operation of the DSGs on the power distribution system, 
bat there is a very limited amount of control and monitoring in 
a remote control sense. The power scheduling is done at the EMS 
or the top utility level. 

3.5.2 SOME DSGs 


The situation visualized for the next 5 to 10 years has one 
or two oDCs operating on an experimental basis monitoring and con- 
trolling 10 to 20 preproduction or commercial DSGs. Remote con- 
trol and monitoring are handled by automatic control equipment, 
but there is a fair amount of manual control for backup purposes. 
Scheduling of the DDCs is done at the EMS level on a computer 
basis using algorithms which have been developed and which are 
being evaluated for their effectiveness and possible change if 
required . 
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DDC scheduling and automatic generation control are being 
employed and the communication and data handling proposed for full 
automatic control operation are operating. Considerable manual 
supervision of the automatic equipment at the DDC and the DSG lev- 
els is taking place to ensure the proper operation of automatic 
equipment and the smooth functioning of the system. 

3. 5 . 3 MANY DSG a 

Successful tests at a few utilities and demonstration proj- 
ects by the DOE and the New York State ERDA in the next few years 
will encourage much more extensive use of DSGs. By 1995 to 2000 
there will be many DDCs and DSGs and the distribution DSG systems 
will be as described in Sections 6 to 9 which follow. Fully auto- 
matic operation of DDCs and DSGs will be well established, and 
the scheduling of DSGs will be carried out at the DDC level. Ways 
of handling many small-sized, customer-owned-and-operated DSGs 
will be well established and more than one way of communicating 
between DDC and DSG may well be operating. 

Thus there is visualized a gradual transition in the amount 
and character ot che DDC, DSG, and communication equipment with 
time and experience as the DSGs become more of an accepted portion 
of the distribution system. Throughout this transition period 
there will be the basic electric distribution system which the 
public will interface with and which will appear to remain rela- 
tively unchanged in terms of the quality of the service provided 
to the customer. 
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Section 4 


CRITERIA FOR ASSESSING DSG TECHNOLOGIES 
FOR INTEGRATION INTO UTILITY Dl£*> ?*UT!ON SYSTEMS 


4.1 INTRODUCTION 

From the perspective of the electric utility, there are several 
major issues that must be considered and evaluated in the process of 
selecting DSG technologies to be integrated into utility distribution 
systems. 

From technical evaluations alone vt may be possible to apply 
more than one DSG technology for a particular application. How- 
ever, other considerations such as economic, energy characteris- 
tics, or institutional regulatory issues may dictate the use of 
certain specific DSG technologies more than others. 

In addition to general issues, each utility tends to have 
unique characteristics that directly influence and have an impor- 
tant impact on the selection process. Examples of such unique 
characteristics are the utility's geographical location, size, 
energy resources, bulk energy system composition and configuration 
(generation and transmission) , interconnections with other utili- 
ties, system load characteristics, expansion plans, and utility 
type (public or private). Thus, the factors influencing the se- 
lection process have to be examined on an individual utility basis. 
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4.2 MAJOR ISSUES 


The major issues considered in assessing DSG are: 

• Commercial availability of the DSG 

• Cost-benefit economics 

• DSG size, number of units, and total capacity 

• Energy source characteristics 

• Operational and technical characteristics 

• Generic operational and technical features 

• DSG interaction with power system 

• Institutional and regulatory requirements 

4.2.1 COMMERCIAL AVAILABILITY 


In the context of electric utility system planning for genera- 
tion and transmission expansion, it is fundamental that any DSG in- 
cluded in expansion plans be commercially available. It is neces- 
sary to have assurance that a DSG will be available in the period 
for which it is being planned; therefore, several DSG technologies 
are considered in this study even though their commercial availabil- 
ity is not foreseen until the 1990's. 

Table 4.2-1 presents a list of the technologies that have been 
considered most extensively in terms of their control characteris- 
tics as well as their present status and anticipated commercial 
availability during the period 1980-2000. These data were described 
in Appendix B under the heading "Maturity of Selected DSG Technolo- 
gies" and indicate that each of these DSGs should be commercially 
available by the year 1990. Although some technologies like hydro 
and cogeneration are commercially available now, each of the others 
appear sufficiently close to commercial availability by 1990 to 
warrant their consideration. 

4.2.2 COST-BENEFIT ECONOMICS 


The economics of any proposed system generation, transmission, 
or distribution expansion is of vital concern to an electric utility 
company, because it directly affects the company's revenue require- 
ments and the cost of producing electric energy. In analyzing the 
overall economic viability of a DSG, the total cost of producing 
electrical energy, including the total installed cost of the equip- 
ment as well as the total operating and maintenance costs, is fun- 
damental in comparing the DSG to alternative means of supplying the 
needed energy. 

Because electrical power is needed to meet the customer's load 
demands, it is essential that there be sufficient installed elec- 
trical generation capacity to provide the required power. Some 
DSGs represent sources of generation that ar available only at 
certain times, i.e., when the wind is blowing, the sun is shining, 
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the water flow is available, or the battery is sufficiently charged. 
If these times are not the same as when the electrical energy is 
needed by the customer, it may be necessary for the utility to have 
additional reserve or standby generation capacity. Such standby 
capacity in turn may require generation capacity costs for the 
utility system to provide assured electrical generation. The use 
of renewable energy source DSGs may result in the utility requir- 
ing some additional standby generation capacity costs, resulting 
in a somewhat higher total cost, including energy and equipment 
capital charges. 

Thus, for specific applications a complex cost-benefit analysis 
must be performed that compares total benefits and costs to the en- 
tire lifetime of the plant. The principal benefit will sometimes 
be the displacement of conventional (fossil) energy by the renewable 
energy source. Some of the DSGs will have capacity factors of 0.25 
to 0.50. The availability and dependability of the renewable energy 
source will determine what amount of system generation capacity 
credit can be assigned to the particular DSGs in the cost-benefit 
evaluation. At present there seem to be no generally accepted meth- 
ods for performing cost-benefit analyses of DSG applications. 

There are additional factors of system costs and benefits that 
also must be considered. All benefits directly derived from DSG 
application, such as reduced generation capacity, reduced genera- 
tion energy costs, reduced bulk transmission and distribution sys- 
tem losses and investment, should be credited to the DSGs. Added 
costs, such as those required for monitoring and control, as well 
as those for increased reserves, should be charged to the DSGs. 

4.2.3 DSG SIZE 


Dispersed storage and generation has been defined as being 
located in and connected to the distribution portion of the elec- 
tric utility system. Thus it is connected to the distribution 
system at some point between the secondary side of transmission 
substations and the customer's premises. There will also be cases 
where it is connected to the user's load bus. Generally, the point 
of electrical connection will relate to the size (MW rating) of the 
DSG unit, although some large cogeneration units are customer owned. 
DSGs may range in size from a few kilowatts, located on single resi- 
dences or farms, to large units of many megawatts, which may have 
their own substations connected to the subtransmission circuits in 
the utility systems. A wide range of electrical ratings is possible 
for DSG application and, to some degree, relates to the nature and 
characteristics of the type of DSG plant. The DSG size range in 
this study is considered to be from 10 kW to 30 MW. 

A factor of some importance that is related to size is the 
extent to which a DSG is integrated into the utility distribution 
system. Integration refers "(1) to a DSG connection to a utility 


system in which provisions are made for the protection of the DSG 
as well as the system, and (2) to the operation of the DSG as a 
managed component of the total utility supply system."* In the 
sense of this usage of the term "integration," generation or stor- 
age size alone will not be the sole criterion of a DSG; also of 
importance will be the extent to which the energy source is operated 
as a managed part of the total utility supply system. 

In general the DSGs will be plants capable of automatic or 
semiautomatic unattended operation. This will be necessary to keep 
the operating costs low to achieve economic viability. However, 
certain DSGs, such as a cogeneration plant, will have operating 
personnel present for other portions of the plant and process, and 
the generation equipment would incur only incremental personnel 
operating costs. In contrast, central station generation plants 
connected to the bulk power transmission system are large complex 
plants that require continuous-duty operating personnel and staff 
and tend to be from 50 megawatts to several thousand megawatts in 
size. 


4 . 2 . 4 E NERGY GENERATION CHARACTERISTICS 

DSGs may be characterized by the type of energy they utilize 
in generating electricity. The type of energy in turn will have a 
major effect on DSG operational characteristics as well as the other 
selection issues. There are two basic categories of DSG generation. 
They are identified by the energy being nonrenewable (fossil fuels) 
or renewable (sun, wind, or water) . A third DSG category is that 
of energy storage, whereby electric energy is withdrawn from the 
system at a time of low incremental cost and returned at a time of 
high incremental cost. 

Regarding nonrenewable energy sources, fossil fuels inherently 
have the property of energy storage and thus can provide for varia- 
tion in electric energy production upon demand. In contrast, re- 
newable sources tend to be periodic and/or variable in supply and 
are less predictable in time as a source for a utility system. 

Typical periodic source examples are: solar (used in solar thermal 

electric and photovoltaic plants, which are only partially available 
on a 24-hour cycle) ; water (available on a variable seasonal, monthly, 
and weekly basis with surges due to storms) ; and wind (available ac- 
cording co seasonal variations as well as more random occurrence) . 
Other renewable energy sources, such as geothermal and biomass/bio- 
fuel, can provide a continuous energy supply. Biomass/biofuel, 
however, represents a form of stored energy that is quite similar 
to fossil fuels, and plants tend to be larger than DSG size. 


*K . Bahrami and R. Caldwell, Electric Utility Systems Application 
of Dispersed Storage and Generation , Summer Power Meeting^ Insti- 
tute of Electrical and Electronics Engineers, 1979. 
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The constancy and predictability of an energy supply source 
for electric energy production has a significant effect on its 
value to a utility with regard to the overall system generating 
capacity. Energy storage has the basic role of reducing energy 
production costs by more effectively utilizing large central sta- 
tion units, which have low incremental cost of energy production, 
returning (supplying) the electric energy to the power system dur- 
ing times of peak load to replace energy that would be produced 
by higher incremental cost (less efficient) peaking generation 
units. Storage can also be used as generation reserve to replace 
units that are out of service due to an unscheduled outage. Thus, 
the inherent characteristics and supply quantity of the energy sup- 
ply source is a major issue in selecting DSGs for application on 
a specific utility. 

To satisfy their load requirement in the most economical way, 
..■lectric utilities control generation output on an equal incremental 
cost basis.* Figure 4. 2. 4-1 illustrates the increasing incremental 
cost as generating unit output is increased. From this figure one 
can visualize that the process of storing energy at times when the 
energy costs are low and using the energy when the energy cost is 
high represents an effective way of obtaining economic benefits. 



Figure 4. 2. 4-1. Incremental Costs 


*Leon K. Kirchmayer, Economic Operation of Power Systems , John 
Wiley and Sons, 1958. 
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In addition to renewable and nonrenewable categories, DSGs 
may be characterized also in terms of ac or dc primary output and 
whether they are schedulable or nonschedulable. Their characteri- 
zation is represented on Table 4. 2. 4-1. Illustrative examples of 
DSGs that are representative of renewable/nonrenewable, and sched- 
ulable/nonschedulable types are also shown in Table 4. 2. 4-1. 

Table 4. 2. 4-1 


DSG CHARACTERIZATION 


Type of DSG 

Power 

Conversion 

Scheduling 
of Power 

Examples 

Nonrenewable 
or Renewable 

ac 

Schedulable 

Cogeneration 
Hydro (with storage) 

Renewable 

ac 

Nonschedulable 

Solar Thermal Electric 
Wind 

Hydro (Run-of-River) 

Nonrenewable 
or renewable 

dc/ac 

Schedulable 

Fuel Cell 
Storage Battery 

Renewable 

dc/ac 

Nonschedulable 

Photovoltaic 


4.2.5 OPERATIONAL AND TECHNICAL CHARACTERISTICS 


Operational and technical characteristics can have a signifi- 
cant influence on the value of specific DSGs for application on an 
electric utility system. Two important operational characteristics 
regarding overall system operation are the availability and the re- 
liability of the DSG source. The ability to schedule the power 
generation source, either continuously or periodically, with a high 
degree of dependability relates to its availability. Not only does 
the availability of a DSG influence its generation capacity value, 
but also the nature of its availability can affect the logic proce- 
dure necessary to estimate its operational capability. If the elec- 
trical output of a DSG is quite random with time, the dependability 
and value of the DSG nominal capacity may be reduced from its rated 
capacity. 

The reliability of the DSG equipment also affects the availa- 
bility of the overall DSG system. Because the reliability or oper- 
ability of the DSG system can be checked in a reasonably systematic 
fashion, and generally the reliability can be designed to be in the 
order of 80-90%, the reliability may be far greater than the avail- 
ability of some DSG technologies. 

Other operational issues relate to system operation and sched- 
uling regarding DSG startup and shutdown time requirements. These 
will vary widely for different types of DSGs and have an influence 
on their flexibility for systemwide energy management functions. 

Some types of DSGs, like photovoltaic, have a short startup time. 
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Others, like solar thermal electric, have relatively longer startup 
times . 

Complexity represents another technical issue that is an im- 
portant factor in the assessment of a particular DSG. Some DSGs 
have relatively few elements that must be controlled, or have few 
moving parts. Others involve many separate parts, each controlled 
independently, such that the probability of all parts working prop- 
arly and well is greatly reduced. 

Complexity not only affects performance but may influence op- 
eration and maintenance requirements, and therefore it impacts the 
cost of operations and maintenance. If the p’ant is extremely com- 
plex, it may require full-time operators and thereby tend to force 
a larger plant size in order to be economically viable. 

Application issues include power quality and control, physical 
and electrical location within the distribution system, and inte- 
gration of the DSGs into the distribution system. These applica- 
tion issues concern technical matters such as power flow, voltage 
level, stability, and protective coordination. The application of 
a DSG requires consideration of the conditions and characteristics 
of the particular part of the distribution system to which the DSG 
will be connected, and with which it must be compatibly integrated. 
Voltage, power flow, and system protection are of primary impor- 
tance and require coordination for a successful DSG application. 

4.2.6 GENERIC OPERATIONAL AND TECHNICAL PROBLEMS 


There are five generic operational and technical problems to 
consider in defining control and monitoring requirements for inte- 
grating DSG into the electric utility distribution system. These 
problems are: 

• Economics of operation 

• Quality of supply 

• Security of supply 

• Protection of equipment 

• Protection of personnel 

4.2. 6.1 Economics of Operation 

After an electric utility has justified and installed generat- 
ing equipment, it is concerned primarily with incremental costs. 
Economics of operation is concerned with minimizing fuel, operating, 
and rescheduling costs of customer load. Different criteria may be 
used by different control systems. The utility will be concerned 
with total fuel costs, losses, and revenues; while an individual 
customer will be concerned with fuel costs, electricity bills, and 
effects of rescheduling use of electricity. 
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4 . 2 . 6 . 2 Quality of Supply 

Quality of Supply i> maintained if the following quantitiea 
are maintained within respective bound* for each cu*to»er and if 
sufficient real power is available to meet the customer'* demand 
for powers reliability of supply, voltage magnitude, balance be- 
tween phases, frequency and system time, harmonic content of volt- 
age, and current waveforms. 

4. 2. 6. 3 Security of Supply 

Security of supply is concerned with predicting whether the 
given quality of supply will be available in the future. 

4 . 2 . 6 . 4 Protection of Equipment 

Equipment on the system (bulk, distribution, DSG, and customer) 
must be protected from damage. There are four basic concerns: 

(1) Voltage magnitudes must be kept within bounds because 
of insulation. 

(2) Current/power flow must be kept within bounds because 
of heating. 

(3) Frequency must be kept within bounds to prevent damage 
that is due to overspeed or underspeed. 

(4) Harmonic content must be kept within bounds because of 
its impact both on equipment and control-monitoring 
systems . 

4. 2. 6. 5 Protection of Personnel 

Personal safety of both utility personnel and customer person- 
nel must be protected. A prime concern is to make certain that the 
presence of DSG systems does not result in a distribution system 
being energized accidentally while utility personnel are working 
on it. 

4 . 2 . 7 DSG INTERACTION WITH POWER SYSTEM 

It is important to recognize phenomena that involve interac- 
tions between the DSG unit and the rest of the power system (bulk, 
distribution, customers, and other DSGs) . Obviously such interac- 
tions depend on the characteristics of both the DSG and the rest 
of the power system. DSG characteristics of concern include: 

• Harmonic generation 

e Startup/shutdown time requirements 

• Synchronism with system 

• Voltage/VAR abilities 

• Real power economics 

• Dynamic response when interconnected 
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One possible list of phenomena is given in Table 4. 2. 7-1. 

Table 4. 2. 7-1 
SYSTEM PHENOMENA 

• Harmonic Generation, Propagation 

• Switching 

e Transient Stability 
e Dynamic Stability 

• Slow-Speed (Long-Term) Dynamics 

• Automatic Generation Control (AGC) 

• Real-Power Scheduling 
e Voltage-VAR Scheduling 
e Restoration 

e Island Operation 


Harmonics generated by a DSG can have an adverse effect on 
the rest of 'tlie power systems. Two key issues of concern are the 
effect of harmonics and tire propagation of harmonics. Harmonics 
may be undesirable because of heating or energy losses produced 
by them in power equipment, or because of the noise or other ob- 
jectionable interactions that harmonics produce on communication 
or information-handling equipments. Losses in power equipment 
represent added cost for the energy loss, or for the reduced effi- 
ciency of the power process. Harmonics in communication networks 
may produce higher error rates or objectionable visual, auditory, 
or other environmental effects. On some occasions the effects of 
harmonics are propagated to equipments that are quite remote from 
their place of origin so that the unfavorable results a; pear to 
be unrelated to the source. 

Switching is concerned with both fast automatic circuit breaker 
switching and slower sect iona 1 i zing actions. Switching actions of 
concern .ire those between DSG and distribution, DSG and customer, 
and customer and distribution depending on types of interconnection; 
on distribution system; and on bulk transmission system. 

Transient stability refers to the dynamic behavior of the sys- 
tem imm^ITteiy ToFTowinq major disturbances such as faults or 
major switching operations. The phenomena could be caused by 
problems events on the bulk system that influence the distribution 
system or by events on the distribution system that cause interac- 
tion between various local DSGs, et cetera. 

Dynamic stability refers to sustained low-amplitude oscilla- 
tions betiweer^^ on the system. Such oscillation" could oc- 

cur between DSGs and the bulk system; could be caused by interac- 
tions between elements on the bulk system that are affecting the 
DSGs; or could occur between DSG units and customer loads without 
imoacting the bulk system. 
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Long-term dynamic* (time scale second* to minute*) refer to 
slow-speed variations in voltage, frequency, line flow*, et cetera. 
Voltage and/or line- flow problem* could occur either on ju*t the 
distribution system or could also involve the bulk transmission 
system, frequency involves both the bulk system and the DSG. 

AGC is the conventional function presently being performed by 
the bulk power system control centers. The dynamics of concern in- 
volve interactions between the bulk generation, DSG units, and load 
fluctuations . 

Re al powe r scheduling can be divided into three main areas 
following existing "bulk system terminologies: 

• Economic dispatch: readjustment of real-power levels 

every five minutes 

• Unit commitment: determination of hour-by-hour schedules 

of real-power generation and storage for the next week 

• Maintenance scheduling: determination of a maintenance 

schedule on a weekly basis for the next year. 

The prob’em is to minimize cost as defined in terns of losses, 
fuel used, and rescheduling costs while considering security con- 
straints such as maintenance of satisfactory reserve. 

Voltage/VAR scheduling will probably be done on an hourly ba- 
sis or perhaps slower if past history from bulk power systems is 
applicable. The problem is to maintain the voltage magnitudes 
within an acceotable range and to adjust voltages and reactive 
power to minimize distribution losses. 

System r esto ration after major outages such as loss of distri- 
bution lines, "feeders, and/or customer's load is a special concern, 
because the loss of distribuiton lines and feeders through storm 
damage will often be coupled with loss of communication. 

I si and o p er at ion occurs when portions of the load are served 
entirely by DSG units even though there is no electrical intercon- 
nection with the main power system. 

4.2.8 INSTITUTIONAL AND REGULATORY ISSUES 


Institutional and regulatory issues can have a major impact 
on DSG selection. If relatively small generating sources are sub- 
jected to complex operating rules and procedures, lengthy and 
costly licensing procedures, and environmental constraints, then 
the institutional and regulatory issues may place disproportionate 
costs on these plants. By contrast, if large plants having much 
larger capacity and capital investment are subjected to the same 
issues, they may be able to bear the same costs but at a lower 
percentage of total plant cost. 

Conversely, strict environmental or space constraints on bulk 
generation and transmission may practically force a predominantly 


The Federal Energy Regulatory Commission (FERC) hae is* 
eued ite final rulee that require utilitiee to buy power from 
qualifying cogeneration eyeteme or from email generating fa • 
ailities » Subpart B t which defines "qualifying facility " 
under Section 20 J if ih r. Public Uiility Regulatory Policies 
not (PURPA)i is RESERVED and will be the subject of a separate 
rule making "in the near future However t Section 201 of 
PURPA defines a small power production facility as one that 
generates no more than 80 MV and uses biomass » geothermal * 
waste t or renewable resources t including wind 3 solar and 
water t to produce electric power * A cogeneration facility 
is defined as one producing electricity and any other form 
of useful energy used for industrial # commercial or heating 
purposes * Implementation of theie rules is left to the State 
regulatory authorities . 

Under the new regulations t electric utilities must pur * 
chase the electric energy and capacity made available by 
qualifying facilities at rates equal to what it would cost 
the purchasing utility tc generate the electricity itself 3 
or to buy the energy or capacity from other suppliers. This 
is called "avoided costs . * The rules also provide that elec * 
trie utilities must furnish the qualifying facilities with 
supplemental 3 or back-up power "on a nondie criminatory basis 
and at a rate that is Just and reasonable , * It exempts all 
qualifying cogeneration facilities and certain qualifying 
small power production facilities from certain provisions of 
the Federal Power Aot t from all provisions of the Public Util* 
ity Holding Company Act of 1931 and from State laws regulating 
electric utility rates and financial organisation as follows : 

l t Federal Power Act * All qualifying cogeneration fa- 
cilities and those small power production facilities 
that do not exceed SO MV generation capacity. 
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lation of the principle of avoided capacity costs -from theory 
into practice is an extremely difficult exercise , and is one 

forecasting 
im- 
plement these rules $ are given the # flexibility for expert* , 
mentation and accommodation of special circumstances® and will 
have one year to issue detailed procedures and/av regulations , n 

Tn determining ” avoided capacity costs a H utilities rust 
account for both fixed and operating costs saved by buying 
power from these facilities # at the true value (not some av- 
erage ) of the purchased power, FBBC gives as an example # the 
case where power output from a photovoltaic facility would hi 
maximum at the same time as the system peak when purchased by 
c summer peaking system » The facility f « capacity coincidence 
with the system peak should be reflected in the purchase price 
being based on the utility ‘s costs of running its peaking units 
not on its average system cost, 

PERC further says that the prices paid by utilities must 
take into aoaount the costs of nei' construction that would be 
avoided by these power sources * m If a qualifying facility 
offers energy of sufficient reliability and with sufficient 
legally enforceable guarantees of delivsrability to permit 
the purchasing electric utility to avoid ths need to construct 
a generating unit * to build a smaller# less expensive plant 
or to reduce firm power purchases from another utility# then 
the rates for such a purchase will be based on the avoided 
capacity and energy costs, 

Edison Electric Institute commented on the proposed rules 
that the avoided cost approach provides no incentives to utili- 
ties to seek electricity from these facilities and that a 
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In order to be able to remotely control and monitor a DBG, 
it is necessary to understand how that DBG operates under its own 
local control. Since Appendix A on "Selected DSG Technologies and 
Their General Control Requirements" describes in some detail each 
of the seven types of DSG technologies mentioned below, the empha- 
sis in this section will be .primarily on the nature of control 
systems associated with the local control of each DSG technology. 

In the following descriptions of the individual DSG technolo- 
gies, the primary attention will be on how a master control for 
each DSG relates the control and monitoring from a remote distri- 
bution dispatch center (DDC) to the various subsystem controls of 
modes and other subfunctions that are necessary for the DSG to 
perform its dispersed storage or generation function. 

It should be noted that smaller dispersed DSGs, which may be 
similar in principle to the types of DSG described below, may be 
operated under the control of the customer. In this event the 
decision-making process involved in establishing the control of 
power level, schedule, and so forth may be aifferent, since it is 
the customer and not the utility who has the primary monitoring 
and control responsibility. Nevertheless the same underlying 
physical principles and constraints of the DSG technology may be 
overriding. When and how many DSGs are likely to be available for 
control is an additional matter of interest. Although this subject 
is discussed more completely in Aopendix B, "State of the Art, 
Trends, and Potential Growth of Selected DGS Technologies," mention 
of the time of commercial availability as well as the extent of 
generation by the year 2000 is included in this section. 


5.1 SOLAR THERMAL ELECTRIC 


Solar theirmal electric energy conversion systems collect solar 
radiation and convert it into high-temperature heat. The heat is 
transferred to a working fluid, often water or steam, for use in 
a mechanical-electrical generation system. Solar thermal electric 
energy may be used in an energy system providing both electricity 
and thermal energy. Energy storage may also be included as part 
of the thermal energy system. 

Common to all of *he solar thermal electric systems are con- 
trol subsystems for collectors, power conversion, energy transport, 
and energy storage. Also common to all of the solar thermal elec- 
tric systems is the fact that sunlight is available for only a 
limited amount of time. One alternative to this problem is to 
generate electrical energy rrom the sun and store it to meet cus- 
tomer needs when the sun is not shining. Another alternative is 
to use the output from the solar thermal electric system when 
available and to use other energy sources such as coal, nuclear, 
or oil when the solar energy is not available. 

Representative of one form of solar thermal electric genera- 
tion is the design concept shown in Figure 5.1-1. Two types of 
collectors are shown: 

• A saturated steam field (approximately 80% of the col- 
lectors - about 200 in number) 

• A superheated steam field (approximately 20% of the 
collectors - about 50 in number) 

The two fields are connected by a steam accumulator as shown sche- 
matically in Figure 5.1-1. Basically, the system operates by gen- 
erating saturated steam, collecting this saturated steam (quality 
varying with insolation) in a steam accumulator, and then super- 
heating the steam from the accumulator in the superheated field 
prior to entry into the steam turbine. This concept requires only 
the turbine control valves for controlling the collector field. 

The master control subsystem directs and monitors all control 
functions within the solar plant using a fully automatic control 
technique. A computer uystem performs process calculations, inter- 
faces with other plant subsystems, coordinates control action, and 
monitors and records data, thus allowing automatic un ctended op- 
eration of the plant. This control concept is especi lly suited 
for a solar thermal electric power plant where variations in the 
heat source intensity during the course of the day require contin- 
uous adjustments to the process flow rates. The use of a master 
computer control minimizes the length of time that the plant op- 
erates in less than an cptimum condition. Figure 5.1-2 shows a 
master control functional diagram which relates the utility moni- 
toring control (DDC) to the sub functions of the solar thermal elec- 
tric DSG. 

The primary objective of the small solar power plant is to 
maximize the plant's energy output. Therefore, after warmup, 


A 
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Figure 5.1-1. Basic System Schematic 


electrical power generation commences as soon as, and continues 
as long as, insolation levels permit. If insolation levels be- 
come too low to support power jeneration, t ie plant is placed in 
a standby mode and electrical power generation recommences when 
insolation levels increase sufficiently. The generator is dis- 
connected from the grid as soon as it stops producing power. No- 
load operation to maintain synchronization is not utilized, and the 
generator is not allowed to "motor" on battery power. The plant is 
shut down only if an end-of-day or emergency condition exists, or 
if so directed by the utility or local operator. 

Within the master control subsystem, as shown in Figure 5.1-2, 
the operating mode control establishes the necessary valve posi- 
tions and switches pumps, fans, and breakers on and off for the 
various operating modes of the plant. This control function also 
determines, by sensing key plant parameters, when to switch from 
one mode to another. 
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Figure 5 . 1-2 . Master Control Functional Diagram 





























Data acquisition and alarm, local operator control, and util- 
ity control and monitoring are three other interfaces within the 
master control subsystem. The data acquisition/alarm function is 
provided by a standard data acquisition/alarm system. The system 
monitors and records identified key operating parameters periodi- 
cally and records certain signals when they exceed a predetermined 
value. The local operator control panel is an on-site console 
where manual operation of the plant may be established, plant pa- 
rameters monitored, and system checkout and troubleshooting per- 
formed. Normally, however, the local operator control is unmanned, 
with supervisory control being provided by the utility. The utility 
control consists of a relatively few overall plant control functions 
and the monitoring of certain key parameters. Alarm signals require 
dispatching of troubleshooting personnel to the power plant site for 
the necessary checkout and repairs. 

The master control subsystem interfaces with the po»?er conver- 
sion, electrical, electrical storage, and collector subsystems in 
implementing automatic control of the power plant. Further details 
of the various solar thermal electric controls can be found in Ap- 
pendix A. 

The preceding description of the control and monitoring func- 
tions has emphasized the DSG controls f om such viewpoints as the 
operational modes, power flow and quality, failure and abnormal be- 
havior detection and correction, and special requirements . It is of 
interest to note that although these features are embodie i in the 
design of the DSG itself, they must be integrated with the control 
and monitoring, and communication and data handling functions that 
are controlled from the DDC that is referred to above and in Fig- 
ure 5.1-2 as the utility monitoring control. 
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5.2 PHOTOVOLTAIC 


Photovoltaic power generation system* convert light energy to 
electrical energy. This conversion takes place by the "photovoltaic 
effect" whereby a voltage is produced between dissimilar materials 
when their junction is illuminated (irradiated) by the light-band 
portion of the electromagnetic spectrum. There are a limited num- 
ber of materials that exhibit photovoltaic properties. The rela- 
tively low power intensity of sunlight (0.100 W/cra 2 ) , and the rela- 
tively low efficiency of photovoltaic conversion (5 to 20%), inher- 
ently require considerable land area to obtain kilowatt or megawatt 
power levels. Since photovoltaic power is in the form of direct 
current, dc-to-ac inverters are required to interconnect photovoltaic 
generation to an electric utility ac distribution system. The basic 
daily insolation cycle and variable weather conditions limit the 
availability and amount of potential photovoltaic power generation. 
Thus, photovoltaic generation systems must be used in conjunction 
with other firm power sources on an electric utility system. 

In general, utility-size photovoltaic power plants should be 
designed for unattended automatic operation. However, on occasion 
(startup, testing, or maintenance operations) the plant will be 
controlled by a local operator. During unattended operations, the 
plant automatically performs normal startup and shutdown and emer- 
gency shutdown and is self-protecting from all types of electrical 
and mechanical failures. Protective subsystems detect faults, pro- 
tect and isolate equipment which has incurred a fault, and if re- 
quired, initiate plant shutdown. Control commands from the distri- 
bution dispatch center (DDC) are executed through and by the plant 
control equipment which also monitors plant conditions. The type, 
amount, and degree of monitoring are related to the rating of the 
plant. Larger plants have more components and require some means 
of identifying normal and abnormal conditions in circuits and 
equipment to assist in operation and maintenance activities. 

Because of their lesser impact on an electric utility system, 
small plants require less monitoring and t isically only have to 
identify major generic malfunctions and basic measurements or 
conditions . 

Larger plants, especially as the number installed on a utility 
system becomes appreciable, require that normal and abnormal condi- 
tions be reported to the distribuiton dispatch office. 

Protection, control, and monitoring requirements for photo- 
voltaic plants require a hierarchy of plant protection control and 
monitoring equipment. Figure 5.2-1 is a simplified block diagram 
of protection, control, and monitoring for a photovoltaic plant of 
megawatt size. 

The plant control, monitoring, and display equipment is a 
small computer-based syst.om. It provides plant sequencing opera- 
tions; control instructions to the major subsystem control equip- 
ment; coordination between various control and protection subsystems; 
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Figure 5.2-1, Block Diagram for a 5 MW Photovoltaic Power Plant 

monitoring of important status and operating parameters; display 
of plant status and conditions; and a means of communicating with 
local and remote operators. 

The other control and protection subsystems perform control 
and protective functions with only basic inputs from the plant 
control equipment. Examples of such subsystems are: 

• Auxiliary power 

• AC switchgear and filters 

• Inverter 

• DC switchgear 

• DC power circuits 

• Photovoltaic array 
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The major control subsystems are the photovoltaic array con- 
trol and the inverter control. 

If the photovoltaic array is a tracking system, its control 
system acts to optimize the use of the available insolation unless 
it receives override commands from the plant control equipment. 

The inverter control system normally adjusts ac current flow 
to achieve maximum power output. If other than maximum power out- 
put is desired by the local, or remote operator, or utility dis- 
patch system, a modified setpoint is imposed on the inverter con- 
trol via the plant control equipment. Sequencing of inverter 
equipment for normal startup and normal and emergency shutdown is 
performed by the inverter control equipment. 

Other subsystem controls provide the usual functions for the 
type of equipment involved by means of relatively conventional 
electromechanical controls. 


Considering the photovoltaic generation plant in terms of the 
six monitoring and control requirement categories, we may group the 
controls as shown below: 


- distribution dispatch, 
data acquisition, and 
control 

- inverter control and 
protection 

- F v arra, control tracking 
and cooling 

- communication interface 

- communication links 

- plant control and 
monitoring 

- plant auxiliaries protec- 
tion and control 

E. Failure and Abnormal Behavior - ac switchgear protection 

and control 

- dc switchgear protection 
and control 

- dc circuit protection and 
control 

F. Special DSG Requirements - plant control and 

monitoring 

- PV array control 

- automatic startup and 
shutdown 


A. Control and Monitoring 

B. Power Flow and Quality 

C. Communication and Data 

Handling 

D. Operational Requirements 


A 
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5.3 WIND 


Wind generation systems, by mean* of a bladed rotor, convert 
wind energy to shaft mechanical energy to electrical energy via a 
conventional electric alternator. Wind generation systems for 
electric utilities are likely to consist of one or more modest 
sized units (0.2 to 5.0 MW) making up an integrated installation. 
Wind generation is available only when the wind is blowing at 
speeds above a certain threshold velocity and at speeds below a 
certain maximum velocity at which point damage to the installation 
might occur. Therefore, with wind generation, additional generation 
by other means is generally required by the utility. 

A wind turbine generator (WTG) control system should be de- 
signed for operation at a remote, unattended site. The system must 
be fail-safe and self -monitoring. It must be capable of detecting 
any failure within the WTG which may cause secondary damage to 
associated equipment. It must also be able to take the appropriate 
protective action. The control equipment must be capable of main- 
taining proper operation of the WTG under extreme environmental 
conditions such as wind gusting and wide temperature ranges. Safety 
and protective functions must be capable of being executed without 
external power. The WTG control system must be conservatively de- 
signed to maintain high reliability and to be properly protected 
against induced transients from the power line or from lightning 
strikes. 

In addition to a number of individual controls for various 
portions of a wind turbine generator, there is also the need for 
a master control which will integrate the separate controls and 
make them responsive to the local control, the utili.ty dispatch, 
and the data and alarms as shown in Figure 5.3-1 for a horizontal- 
axis propeller type WTG. 

Another function of the master control may be to serve as a 
common control point for several wind-driven generators to operate 
in parallel when such a grouping of generators exists in close 
proximity. The local control station is required because the WTG 
must be capable of being operated locally as well as remotely. 

The sequencing control of the WTG during startup and shutdown, 
and the signals for the synchronizing and normal ooerating modes 
are contained in the operating mode control. Critical sequencing 
functions may be provided by redundant signal sources so that a 
suitable reliability capability is available. 

There are two primary control requirements for a horizontal 
axis WT’G. The first requirement is to control the yaw orientation 
of the rotor to maintain the plane of the rotor disc perpendicular 
to the average wind vector. The rotor disc is normally positioned 
downwind of the rotor to allow the rotor to be operated as close 
as possible to tne towei , and hence to reduce yawing moments on 
the tower. 
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Figure 5.3-1, Wind-Driven Generator Control System 


The second requirement is to control and limit rotor revolu- 
tions per minute and power output under varying wind conditions. 

This control is most readily provided by varying the pitch angle 
of the rotor blades around their longitudinal axis. The WTG can 
be operated at relatively constant rpm under varying wind conditions 
by control of the rotor blade pitch. This same control can be used 
to synchronize the generator with the utility network. Once the 
generator has been synchronized with the network, the blade pitch 
control is U3ed to limit power output of ^he WTG under high wind 
cond.‘jons and to limit the adverse effects of wind gusts on the 
system. 

Figure 5.3-2 shows a control block diagram for the yaw posi- 
tion control and the rotational speed control, each of which is 
provided with signal information from wind sensors. In addition, 
the rotational speed control is provided with utility load data 
from the electrical load on the alternator. 

The pitch control system must operate in a satisfactory manner 
during the following operational modes of the WTG system: 

• Startup; programmed pitch change for rotor acceleration 

• Standby/Synchronize: pitch controlled to regulate shaft 

rpm 

• Operate: pitch controlled to regulate power output 

• Normal Shutdown: programmed pitch change for rotor 

deceleration 

Continuous faul t monitoring of the pitch servo during the 
startup, standby/synchronize, and operate modes is required to pre- 
vent possible 0 1 erspeed/underspeed and/or reverse thrust on the 
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Figure 5.3-2. Rotor Control Block Diagram 


rotor due to pitch servo failures. The monitoring device must be 
capable of differentiating between pitch control failures and sud- 
den or unusual motion of the controls because of wind gusts. 

Overspeed of the WTG in high winds because of control failure 
or a sudden loss of load is of concern because of the potential 
equipment damage which could occur. Alternative speed controls 
to the normal ones should be available , and a completely redundant 
mechanically actuated rotor blade feathering system to dump excess 
rotor energy, backed up by ■> parking brake of moderate capacity, 
may be employed for emergency conditions. 

Turntable yaw orientation is accomplished by means of a hy- 
draulic motor driving through a gear train. The worm gearbox is 
irreversible so that the turntable will be rigidly held against 
wind load, unless the wind load is assisting the hydraulic motor. 
This arrangement provides yaw restraint for the rotor even if the 
hydraulic supply 3hould fail. The yaw servo is intended only to 
trim the system to the average wind direction, not to follow sud- 
den wind direction changes. 

Continuous fault monitoring of the yaw servo during WTG oper- 
ation is provided by independently monitoring the average wind di- 
rection error and checking for proper servo response to changes in 
the average direction of the wind. Backup fault sensing is also 
provided for the yaw servo, as in the pitch system described above. 

Data and alarms are needed locally and at the remote utility 
dispatch control. A limited amount of routine information should 
be available on a periodic or on an as-required basis remotely 
when all is operating well. When operation is abnormal, more de- 
tailed information should be available to the remote operator to 
help in the decision process to restore the WTG to normal operation. 

The /ind-driven generator control system shown in Figure 5.3-1 
may be described in terms of the monitoring and control requirement 
categories in the following manner: 

A. Control and Monitoring - utility dispatch control 

- data and alarm 
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B. 

Power Flow and Quality 

- 

pitch control and 
yaw control 

C. 

Communication and Data 
Handling 

— 

utility di*patch control 
ma*ter control 

D. 

Operational Requirement* 

- 

operating mode* control 
ma*ter control 

E. 

Failure and Abnormal Behavior 

- 

emergency control 
data and alarm* 

F. 

Special DSG Requirement* 

- 

operating control 


- pitch control 

- yaw control 


Jt 
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5.4 FUEL CELL 


Fuel cell energy systems consist of an electric power genera- 
tion device in which hot fuel gas is passed over a fuel electrode 
and heated air is passed over an adjacent air electrode, separated 
from the fuel electrode by an electrolyte, so as to produce a dc 
power output and an exhaust of carbon dioxide and water. The di- 
rect current electric power produced by the fuel cell is connected 
to a dc/ac inverter which in turn supplies the distribution network 
wi;;h alternating current at the proper voltage and frequency. 

Fuel cell control systems differ from some other dispersed 
storage and generation sources in that the fuel can be made avail- 
able on demand within a reasonable time interval, so that the 
scheduling of fuel cells is better under command of the utility 
dispatcher. As such, this element of availability uncertainty can 
be greatly reduced although a fuel gas supply control is needed 
which may introduce an element of time delay. Also necessary is 
a control system for input elements of the fuel cell itself. 

as shown in the fuel cell master control functional diagram 
on Figure 5.4-1, the master control for the fuel cell serves as 
the interface between the utility dispatch control center and a 
number of other controls located at the fuel cell itself. Typical 
of these other controls are the following: 

• Operating Mode Control. To coordinate the startup, 
standby, on, off, and other possible conditions of 
operation. Since the fuel cell operation requires 
that a suitable temperature be maintained and that 
adequate fuel gas be available, a proper sequencing 
and set of interrelationships among the various con- 
trols must be established. An important part of this 
coordination function is performed by the operating 
mode control. 

• Fuel Gas Supply Control. To provide the fuel cell with 
the proper amount of fuel gas and air to handle the re- 
quired electrical output. For the case of an oil-fired 
gas source shown in Figure 5.4-1, control of this gas 
supply is required. 

• Fuel Cell Control. To provide the necessary flows of 
fuel gas and air to the fuel cell to develop the de- 
sired voltage and current for the inverter to meet the 
distribution network needs. Although the inverter and 
the gas source have their own controls, control of the 
fuel cell inputs and outputs is also required. 

• Inverter Controls. To control the necessary match be- 
tween the electricr 7 energy output from the fuel cell 
and the electrical energy required by the utility dis- 
tribution network. 
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Figure 5.4-1. Fuel Cell Master Control Functional Diagram 

Although not shown as a separate set of controls, emergency 
controls to serve in a protective role will also be required to 
handle the emergency and routine switching functions. As previ- 
ously noted for the DSG technologies already considered, the plant 
master control must be capable of local control and operation of 
each electrical power generation source. Local alarms and data 
acquisition at the fuel cell site are also desirable control and 
monitoring functions. 

The remote utility dispatch center control may send reference 
commands or signals to establish the desired power generation level 
and mode of operation. Remote monitoring capability must also be 
available at the utility dispatch center so that the remote power 
dispatcher has knowledge of when the fuel cell is able to generate 
power and how much power it is generating. 

Cor taring Figure 5.4-1 for a fuel cell control system with 
Figure 5.3-1 for a wind-driver, generator, a number of similarities 
are noted? for example, there will be a number of comparable func- 
tions to be identified for the control and monitoring categories 
for the two different DSG technologies. However, in the case of 
the fuel cell, the power flow and quality control and the special 
DSG requirements will relate to such controls as the fuel gas sup- 
ply control, the fuel cell control, and the inverter control instead 
of to the pitch and yaw controls previously noted for the case of 
the wind-driven generator. 
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5.5 STORAGE BATTERY 


Storage battery energy systems have as their inputs dc elec- 
trical energy which is converted electrochemical ly to chemical en- 
ergy during charging of the battery and is electrocheraically con- 
verted to dc electrical energy during the discharging of the battery. 
Operation of a storage battery with the conventional ac electric 
distribution system requires the use of power conditioning equip- 
ment that can accept the alternating current from the distribution 
network and convert it to the dc required to charge the battery and 
invert the dc electrical energy provided from the battery to ac 
suitable for the distribution network. Care must be taken so that 
the timing of battery charging and discharging is economically and 
operationally beneficial to the overall alectric power system 
operation. 

Storage battery systems, like those for fuel cells, have the 
advantage that they are not dependent on the sun or wind for their 
primary energy and thus they may more readily be scheduled in ad- 
vance. On the other hand, storage battery systems have losses as- 
sociated with the charging and discharging operations so they may 
be less efficient from an energy point of view than some other DSGs. 
Thus, the battery scheduling operation will represent an importart 
aspect for control. 

A storage battery system for load-leveling, as shown in Fig- 
ure 5.5-1, can be represented as being made up of four parts: the 

battery, the switchgear and protection, the power conditioning 
equipment, and the electric utility network. Each of these parts 
has its own individual control system, and there is an integrated 
battery control system which combines all the various individual 
controls, although early installations of the battery system will 
doubtless b j under local manual control, it is anticipated that 
future battery systems and their tie with the electric utility net- 
work control, e.g., the distribution dispatch control, will be 
automatic . 

Referring to Figure 5.5-1, one notes that the integrated 
storage battery control serves as a master cont_ol to coordinate 
the other controls which serve as subcontrols in a control hierarchy. 
Included in these subcontrols to the master control are the follow- 
ing functions: 

• Operation Mode Control. To organize the startup, on, off, 
standby, and other conditions of operation, the battery 
operating conditions should include: 

- Battery Off 

- Battery Startup 

- Battery Cool Standby 

- Battery Warm Standby 

- Battery Charging (on) 
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Figure 5.5-1. Storage Battery System with Controls 

- Battery Discharging (on) 

- Battery Module Replacement 

- Battery Shutdown 

• Power Conditioning Equipment Control. To prepare and 
control the power conversion equipment to match the 
battery dc characteristics and the ac network load 
needs as indicated by the distribution dispatch center 
commands. 

• Switchgear and Protection Control. To permit the power 
equipment to change satisfactorily from battery charge 
to discharge and to reduce the danger of battery damage 
because of faults in the power conditioning equipment. 

• Battery Control. To control the battery temperature, 
and other auxiliaries, to achieve suitable environmental 
conditions for the battery under the appropriate operat- 
ing mode and state. 


The correlation between the six DSG control and monitoring 
categories and the storage battery system with controls shown in 
Figure 5.5-1 is perhaps less evident than for some of the preced- 
ing cases for DSG technologies. Nevertheless it is possible to 
carry out this correlation in the following fashion. 


The control and monitoring function category will be centered 
at the electric utility network control where the distribution 
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dispatch cantar is considarad to ba locatad. Tha powar flow and 
quality requirements will partain to tha control of powar condi- 
tioning equipment. Tha communication and data handling raquiramants 
ara ralavant to tha communication batwaan tha alactric utility net- 
work control and tha Intagratad storaga battary control which also 
serve as a master control for tha battary, switchgear, and powar 
conditioning control equipments . 

The operational raquiramants would ba performed at the inte- 
grated storage battery control since this control represents a 
central point for coordinating the several equipments involved. 

The failure and abnormal behavior category will taka place at tha 
switchgear and protection control, pertaining to conditions within 
the DSG, as well as at the power conditioning equipment control 
for failures and emergencies between the electric utility and tha 
storage battery. The special DSG requirements category will be 
handled by the storage battery controls as well as by the integrated 
storage battery control. Startup and shutdown procedures are impor- 
tant for batteries operating at elevated temperatures. 
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&6 HYDROELECTRIC 


Hydroelectric generation convert* the kinetic energy of fall- 
ing water into electrical energy by mechanical-electrical mean* 

*uch as a water turbine coupled to an electric generator. The 
electric generator driven by the turbine produce* alternating cur- 
rent which ia fed into an electric utility power system. 

In general , hydroelectric plant* of the else associated with 
dispersed storage and generation (DSG) projects are normally un- 
attended. During periodic maintenance, testing, or repairs, an 
operator controls the plant locally. Thus, provision for automatic 
plant operation with either remote or local control initiation may 
be required for DSG hydro plants. Operating conditions which may 
be involved ares 

e Automatic operation - startup/ shutdown initiated by 

local sensor (water level) or 
device (timer) 

e Automatic operation - startup, loading, and shutdown 

initiated by remote dispatch 
center (or dispatcher) 

e Automatic operation - startup, loading, and shutdown 

initiated by local operation 

e Manual operation - all functions initiated by local 

operator 

Existing DSG-size hydroelectric plants have a wide range of 
control and data acquisition equipment, from local operator- 
controlled only, to remote automatic-controlled. Data acquisition 
may include: (a) local indicators, recorders, and meters, (b) same 

as (a) , plus a few analog-telemetered quantities, or (c) digital 
data and status acquisition and transmission. 

As the number of DSG stations cn a utility system increases, 
it is anticipated that DSG data and control will become more im- 
portant to the dispatch center. Thus, existing hydro stations may 
have to be converted from local manual control to automatic remote- 
control. For discussion purposes, unattended operation with its 
associated automatic operation and data acquisition are assumed. 
This type of operation requires interfacing local plant control 
and data acquisition with the remote dispatch center. Functional 
relationships are shown in the block diagram of Figure 5.6-1. 

Basically, the pi ’nt must be provided with automatic control 
equipment which can safely and reliably perform startup, run, and 
shutdown functions. Equipment or control abnormalities must be 
detected and safe action (i.e., shutdown if necessary) initiated. 
Data acquisition will be performed, presented, and/or recorded 
locally, and transmitted to the dispatch center. 

The functional block diagram of Figure 5.6-1 provides for the 
operating conditions described above, with overall control and data 
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Figure 5.6-1. Block Diagram - Hydroelectric DSG Control and Data Acquisition 


acquisition concentrated at the plant Blaster control (PMC) . The 
specific type of control and data acquisition equipment determines 
the degree of modularity and/or commonality. Figure 5.6-1 iden- 
tifies only major functional control and data areas. Existing 
plants may have some degree of automation such as automatic startup 
and shutdown sequencing implemented with electromechanical relay 
logic. This could involve coordination, modification, and retro- 
fitting if the station is to be included in an overall system DSG 
control and data acquisition system. 

The plant master control, which serves as the nerve center, 
directs (or possibly performs) local automatic control and data 
acquisition functions. As shown in Figure 5.6-1, the plant master 
control interfaces with the following major subsystems: 

e Turbine governor and gate control for controlling water 
flow, speed, and/or power output. These controls are 
furnished as part of the turbine and hydraulic system. 

e Generator control (excitation system) for controlling 
synchronous generator voltage/reactive volt amperes/ 
power factor. This excitation system is usually fur- 
nished by the generator manufacturer. 

e Sequencing controls basically provide step-by-step 
action-initiation, checking logic, for automatic 
startup and shutdown operations. Sequencing controls 
direct and coordinate all of the major and minor sys- 
tems and equipment operation in the plant in response 
to startup/shutdown commands from either local or re- 
mote sources. For normal conditions, a hydroelectric 
turbine-generator unit is automatically sequenced 
through its startup steps, synchronized with the power 
system, and then the water flow is adjusted to achieve 
the desired power output. When normal shutdown is re- 
quired, the load is reduced to zero and then the shut- 
down sequence is performed. 

• Abnormal and emergency control and protection provide 
sensing, action initiation, and sequencing to protect 
against conditions which could damage equipment. For 
abnormal or emergency conditions requiring immediate 
disconnection and shutdown, the emergency shutdown 
sequence is initiated. This can be initiated by pro- 
tective relay or sensor devices in the plant which 
detect serious problems. 

• Data and status acquisition functions include the col- 
lection, processing, presentation, and transmission of 
measured data and status information, both normal and 
abnormal. The amount of data obtained locally is more 
than that transmitted to the dispatch center. Local 
data provide records and information to operating and 
maintenance personnel. Data and status transmitted to 
the dispatch center may be of a more basic and general 
nature. 
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• When alarm conditions exist, the category and nature 
of the alarm are recorded locally and transmitted to 
the dispatch center to permit the dispatchers to de- 
termine the urgency of the problem and to determine 
what type of maintenance personnel are needed to cor- 
rect it. 

e Normal data (and status) are scanned at regular inter- 
vals to detect trends. Selected normal data are trans- 
mitted periodically to the dispatch center. Abnormal 
conditions are logged and transmitted to the dispatch 
center immediately. 
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5.7 COGENERATION 


Cogeneration is tha combined production of process beat and 
electricity. Industrias and/or utilitias which naad both of thasa 
forms of anargy potantially hava nat operational cost savings avail- 
able through an efficient coordinated facility that fully utilises 
tha total heat of combustion. Various manufacturing, commercial , 
and district heating applications utilise medium and/or low-pressure 
steam. These comprise the largest percentage of potential cogenera- 
tion applications. For these applications, the most common configu- 
ration for generating electricity and "process steam" has bean to 
use fossil-fuel-fired steam boilers producing high- temperature, high- 
pressure steam to drive steam turbine-generators. Steam from the 
turbine, with its remaining energy, is delivered to the "process," 
and is called a topping cycle. Electricity is produced at the high- 
est temperature portion of the steam cycle. Additional electric 
power and heat can be obtained by superimposing gas turbine-generators 
on the cycle. In some cases, diesel engine-generators producing 
electric power and relatively low-temperature water and steam pro- 
vide a good match of power and heat to certain processes. Bottoming 
cycles, obtaining electric power from the low- temperature process 
"waste heat" or exhaust, are also possible configurations for co- 
generation, However, bottoming cycles have higher investment costs 
and often require mor complex equipment. Processes requiring the 
direct heat of combustion can occasionally use the high- temperature 
exhaust gas of oil- or gas-fired gas turbines. The combustion tur- 
bines also drive electric generators in a topping configuration. 

There are basic functions which make up a cogeneration plant 
control system. With regard to the production of electric power, 
however, it must be recognized that the cogeneration plant control 
system has primary responsibility for the correct, safe, and eco- 
nomic control of the plant's process heat needs. The electric power 
produced may be adjusted only insofar as the cogeneration plant con- 
figuration, equipment, and process permit. Cogeneration plant con- 
trols, within constraints, operate to meet power and heat needs. 

System control functions included in a cogeneration plant system 
control are illustrated in Figure 5.7-1. This diagram is simplistic 
and does not show interrelationships between functions. Further, 
the functional block diagram should not be assumed to imply that 
hardware-oriented, completely integrated and coordinated, automatic 
control systems are common. Cogeneration plant system control func- 
tions and their descriptions follow: 

e The tie-line power flow control function is the on-line 
control interface between the utility electric power 
system and the cogeneration plant. The tie-line con- 
troller adjusts the turbine governor speed control to 
change generator output. In the event of the tie-line 
interruption, the load- frequency control can control 
the isolated cogeneration system, perform turbine gov- 
ernor control mode switching and, if necessary, perform 
process plant electrical load shedding to balance avail- 
able generation with load, to avoid system collapse. 
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Figure 5.7-1. Cogeneration Plant System Control Functions 












• Fuel cyst •!» control can be relatively slmpla whan tha fual 
la oil or gas, or it may ba complex whan tha plant usas 
coal or other solid fuals. Tha primary function of tha 
fue? system is to monitor and control fual storaga, hand- 
ling, forwarding, and supply to tha hollars, gas turbinas, 
or diesel anginas. 

a Tha hollar control subsystam responds to disturbances in- 
ternal ly and axtarnally generated, in a mannar which satis- 
fias systam demands, within limits of tha hollar capability. 
The boiler control subsystam must parform in a fast, accu- 
rata, stable, safe, and reliable manner. 

a Turbine control and governing subsystem* play an important 
part in control of the cogeneration plant's overall steam 
and power system. Industrial steam turbine governors can 
control many variables in the plant, including electrical 
(or mechanical) power output, speed, and pressure. 

a Boiler-turbine-generator startup/shutdown control provides 
the means of coordinating the startup and shutdown of theje 
major plant subsystems. Depending on the design and imple- 
mentation, this control may include both normal and emer- 
gency startup and shutdown functions. 

a Generator control primarily includes the monitoring and 
control of basic generator cooling, lubrication, and ex- 
citation conditions. The excitation subsystem which con- 
trols the generator voltage, reactive volt-amperes, and 
power factor is complex. If the cogeneration plant is 
under joint utility-industrial ownership with an excess 
of electric power, the utility will probably want to ex- 
ercise some degree of control over the generator excitation 
to assist in utility system voltage and reactive volt- 
ampere control. 

e Process control implies discrete mechanical-electrical con- 
trol of the process startup, shutdown, normal process oper- 
ation, and emergency control. Since this is also specifi- 
cally oriented to the process and in the domain of the plant 
control, further elaboration is not considered appropriate 
in this discussion. 

• Plant auxiliaries control involves the actual control and 
switching of the plant electrical distribution system. In 
addition to normal switching and control, abnormal and emer- 
gency control and protection are included. These safeguards 
apply to all circuits supplied by the plant auxiliary elec- 
trical subsystem. 

• Monitor and alarm functions for both boiler-turbina-generator 
and process conditions have been implemented with a wide 
range of equipment and subsystems. Modern computer-based 
plant controls have combined this function into overall 
master plant control, monitor and alarm, operator interface, 
and (where required) , data transmission functions. 
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In auaaary, a aodarn ooganaration plant control ayatam la a 
complax, intagratad, coord ina tad arrangamant of many control aub- 
ayatana , which oparataa to maintain tha plant intagrity during normal 
oparation and alao during amargancy or abnormal conditiona. Extarnal 
control, auch aa might ba axarciaad by a utility diapatch cantar, ia 
limitad to tha dagraa providad by tha baaic ooganaration plant daaign 
and tha conatrainta raquirad by tha aaaociatad procaaa. 


5.8 OBSERVATIONS REGARDING DSQ TECHNOLOGIES AND THEIR CONTROL 


Consideration of the DSG technologies as well as other infor- 
mation contained in Appendix A, "Selected DSG Technologies and Their 
General Control Requirements," serves to bring out a number of sig- 
nificant observations which are of importance regarding DSG tech- 
nologies and their control. 

5.8.1 Each DSG technology is a complicated system that has to be 
controlled locally to achieve satisfactory results . 

Each DSG system has several control subsystems that must be 
integrated under a local master control and must be responsive to 
normal and abnormal conditions as sensed locally. 

For proper stability and safety of each DSG, it is important 
that the DSG be controlled locally. However, for each DSG to be 
able to contribute power to the electric distribution system as 
needed, it is desirable that remote supervisory control of the 
DSGs from the distribution dispatch center be available. 

The remote monitoring and control of the DSG tend to be of a 
supervisory character. This establishes setpoints, monitors DSG 
conditions so that reasonable setpoints may be established, identi- 
fies when conditions are normal or abnormal, and anticipates what 
to expect from the remote DSG unit. Although the nature of the 
specific commands from the distribution dispatcher may be different 
in detail for each type of DSG technology, the resulting power in- 
put from each of the DSGs to the electric distribution network can 
be comparable in kind. 

5.8.2 Since each technology has its own particular subsystems 

a nd characteristics^ the communications to and from the 
DSG must be taiiored to the needs of each DSG technology 
and may,! therefore, differ in detaiT I 

It may be necessary to have monitoring and control information 
in several categories: those of low, medium, and/or high precision, 

as well as those of slow-, medium-, and/or fast-time response. The 
definition of low, medium, and high precision, and of slow-, medium-, 
and fast-time response has not yet been finalized. This matter is 
referred to again in Section 8.4. 

An effort should be made to develop an appropriate modular 
approach to the hardware and software of the monitoring and control 
links to the various DSGs so that communicating to them appears the 
same to the distribution dispatcher, and yet each DSG component can 
have the specific instructions it requires. 

5.8.3 From the power dispatch center's point of view, the aggre - 
g ate o£ DSGs in a distribution system appears to be remotely 
controlled activities similar to other bulk generation 
sources or transmission control points . 
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Since the dispatch centers already have existing supervisory 
control and data acquisition (SCADA) ties to the bulk aeneration 
and transmission equipment, an effort should be made to determine 
whether the monitoring and control for the distribution system 
should be similar to, or different from, that for generation and 
transmission. Perhaps the existing choices of control and data 
for low, medium, and high precision and for slow- , medium- , and 
fast- time response can be found to be acceptable for use with DSGs. 
If possible, generic means for monitoring and control of DSGs should 
be sought so that special custom-designed control means are not re- 
quired for each DSG technology. 

5 *8.4 Scheduling and control of remote DSG units should be based 
on the need to make the overall system service, l.e. , 
generation, transmission, and distribution, most effective . 

Scheduling of some types of DSG power involves a measure of 
uncertainty, e.g., whether the sun is shining or if the wind speed 
is adequate. Operation of the remainder of the system is also sub- 
ject to some unforeseen changes with time because of load demand 
or equipment availability. The combination of monitoring and con- 
trol of the DSGs' power contribution and the monitoring and control 
of the remainder of the generation, transmission and distributiox* 
system should provide the information base on which modifications 
to DSG generation output and characterization of the remainder of 
the controllable system can be made. 

5.8.5 The characteristics of the DSG technologies determine the 
electrical nature of t he power generated and, therefore , 
the form and nature oT local control required . 

The extent to which the DSG scheduling can be performed is 
also influenced directly by t'.\e type of DSG and its energy source. 

Table 5. 8. 5-1 shows the relationship between the type of DSG 
and the form of electrical energy which is r-roduced. Based on the 
initial form of electrical energy produced, the actual local con- 
trol requirements will differ in the fashion indicated. 

The type of DSG technology employed also has a definite bear- 
ing on the extent to which scheduling is possible. Table 5. 8. 5-1 
indicates that certain technologies such as fuel cells, storage 
batteries, hydro with storage, and cogeneration can be scheduled 
in advance. Other DSG technologies, such as wind, and under some 
circumstances, "run of river" hydro and cogeneration, have little 
possibility of being scheduled. 

5.8.6 Monitoring of DSG should be done for both normal and ab - 
normal operation . 

Under normal operation, regular periodic reporting of the DSG 
power generated and energy available should be provided. Under ab- 
normal conditions at the DSG or in the remainder of the system, 
it may be necessary to have data reported on a more frequent or 
alarm basis. 
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Table 5. 8. 5-1 

RELATIONSHIP BETWEEN TYPE OF DSG AND FORM OF ELECTRICAL ENERGY 


Initial Form of Electrical Energ y 


Type of DSG 

I ac i 

i -——sc—' _:i 


Steam 

Turbine 

H*ch«nicftl 

Driv* 

Inverter 

Conv«rt«r~ 1 
lnv«rt«r 

Schedulable or 
Monschedulable 

Solar Thermal Electric 

x + 




MS 

Photovoltaic 



X 


MS 

Wir.d 


X 


i 

NS 

Fuel Cell 



X 


S 

Storage Battery 




X 

B 

Hydro (with storage) 


X 

j 


S 

Cogeneration 

X 

1 




8 * 


* indirectly 
MB - Nonschsdulable 
S - Schedulable 

‘Although the type of solar thermal electric generation process considered in this study 
does require a steaw turbine, not all solar thermal electric generation means do require 
a steam turbine. 
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5.0 ANTICIPATED TRENDS IN DSG USE 


In understanding the definite control and monitoring require- 
ments for DSG, it is important to recognize the sequence in time 
when the various DSG technologies are, or will be, available for 
use; it is also important to understand the overall amount of gen- 
eration capacity which may be installed for a particular type of 
D8G. Table 5.9-1 presents this information. More detail is included 
in Appendix B. Several issues: ™iy be considered from this data. 


Present Statu s has been u ided into four different stages 
of development. 


Experimental 


Preproduction 


Commercial 

Mature 


Preliminary designs have been built to prove 
feasibility. Some key experiments have been 
run but prototype manufacture has not yet 
been started for major portions of the tech- 
nology or system. 

One or more working prototype systems have 
been built and are performing in an actual 
utility environment. Equipment has not been 
made by regular production methods. 

Systems are comprised of production equipment 
and are operating in a utility system. 

The system is in widespread use by utilities 
and the advantages of large-scale production, 
installation, and operational experience are 
being realized. 


In introducing DSG control and monitoring systems, it will 
probably be desirable to start work with one or two DSG technologies 
first, rather than to work with all of them at once. From the pres- 
ent status column described in Table 5.9-1, it would appear that the 
mature technology, hydro, and the commercial technology, cogenera- 
tion, represent early candidates for initial DSG control and moni- 
toring application efforts. Wind generation might be the next most 
advanced technology and should be considered for early application. 

The anticipated date of commercialization column complements 
the present status data and shows that work with hydro and cogener- 
ation could be started at once with existing equipment of current 
design and availability. By year 1990 it is estimated that all of 
the technologies will be commercially available, and thus it would 
appear that experimental work on implementing a DSG control and 
monitoring system is appropriate now. 

Total additional DSG generation expressed both in gigawatts 
(GW=10^kW) and in number of units represents a significant amount 
of activity that could take place in the coming 20 years. Of in- 
terest in this regard is the fact that hydro generation is limited 
by the amount of hydro resources available. Thus, despite the ma- 
turity of the technology, there will be a limited amount of DSG 
hydro generation (5 to 10 GW) which will be added. 
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Cogeneration appears to be a highly likely source for addi- 
tional electrical energy production and a significant number of 
units may be built. As time goes on , and wind and batteries become 
commercial, significant numbers of units will require added control 
and monitoring equipment. 

The number of fuel cells and batteries that may be added will 
be influenced by the natural gas supplies available and by the 
amount of nuclear power generated. With more natural gas, the cost 
of fuel cell energy required will be lower and more fuel cells may 
be installed. With less nuclear generation available, the amount of 
base electrical power will be less and fewer batteries may be in- 
stalled. However, since the average sise assumed for the fuel cells 
and for the batteries was the same, the total number of units in- 
volved should remain unaffected. 

It should be noted that these estimates are based on 5t of 
the year 2000 total generation being in the form of DSGs. These 
estimates are also based on utility-sized units for generation, 
i.e. , 1 to 20 MW, for which the total additional DSGs could amount 
to 13,300 units as indicated. 

If, in addition, one were to assume that 101 of this additional 
generation {i.e., 0.5% of the United States total) were made up of 
smaller sized units, i.e., 20 kw on the average, this would amount to 
300,000 units by year 2000. Such a large number of DSGs to be con- 
trolled and monitored might result in a different approach to the 
design requirements for control and monitoring equipment. 

The anticipated installations per year for the years 1990 and 
2000 indicate tnat presently commercial and mature DSG generation 
sources will have a relatively uniform number of installations per 
year, while the technologies that are experimental will have a con- 
siderable increase in numbers from the year 1990 to the year 2000. 
Although such data are undoubtedly rather "soft," from the view- 
point of the control and monitoring equipment involved, the choice 
of one DSG technology or another will not have as significant an 
effect on the control and monitoring equipment required as it will 
have on some of the DSG generation equipment which will be developed 
and built. 

The estimates in Table 5.9-1 have been based on a more thorough 
study described in Appendix B and presuppose an overall economic en- 
vironment for the United States economy that is summarized briefly 
in the following. 

Historically, there has been a close correlation between the 
long-term level and growth rates of the United States economy and 
its energy consumption. Electrical energy consumption has increased 
at a faster rate than total energy consumption, as its industrial, 
commercial, and residential use expanded. From 1920 to 1977, the 
average annual growth rates for GNP, total energy, and electrical 
energy consumption were approximately 3.7, 3.3, and 6.6%, respec- 
tively. During this period, the population's average annual growth 
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rate was 1.261. The sustained growths in GNP, total energy consump- 
tion, and electrical energy consumption were achieved during a per- 
iod of relatively low price energy. This era has apparently ended 
and major adjustments are in progress. 

A sampling of projections regarding population, economy, total 
energy consumption, and electrical energy consumption reveals that 
the United States growth rates are expected to decrease from his- 
torical values.* On this expectation there appears to be a 
consensus. 

Regarding the degree and timing of the slowing down of theae 
major factors, there are diverse opinions. The diversity of 
opinions can be accounted for in the differences in assumptions 
and to some extent on the intentional or unintentional bias of the 
organization or individuals conducting the studies. Table 5.9-2 
shows the range of values for basic economic-energy factors growth 
rates, both historical and projected. These factors have implic- 
ations for potential DSG technology growth. "Energy for Electricity" 
listed in Table 5.9-2 has particular significance since this in- 
formation predicts that an increasing proportion of the energy to 
be consumed nationally will be used for electricity production. 

Regarding the overall potential for DSGs, the price of vari- 
ous fuels and the proportion of their mix used to generate elec- 
tricity will be of equal or greater effect than the major economic 
energy factors in Table 5.9-2. In particular, the price of the 
fuel which could lie displaced by DSGs using solar, wind, or hydro 
energy will have a direct effect on their economic viability. Al- 
though there is quite a spread of estimated future fuel prices as 
shown on Figure 5.9-1, the consensus is ;hat fuel prices are ex- 
pected to increase significantly and this indicates increasing pos- 
sibilities of DSG economic viability in the 1980 to 2000 time period. 

The magnitude of total electrical energy and generating capac- 
ity between the years 1977 and 2000 is shown in Table 5.9-3. These 
values predicted for year 2000 are median values. There appears to 
be a consensus that the proportion of energy consumed in the form 
of electrical energy is going to increase. 

Considering the economic, energy, and electrical industry sta- 
tistics in Tables 5.9-2 and 5.9-3, it is important to note that 
even a small percentage of the total generating capacity required 
by year 2000, if supplied by DSG units, could amount to a large 
number of DSGs. If the economic viability anticipated is achieved 
by DSGs, their potential is considerable. With a manufacturing 
base to support them, the remainder of the 20th and the beginning 
of the 21st century could see the anticipated annual installation 
rates listed in Table 5.9-1. 


* Annual Report to Congress, 1978 , U.S. Department of Energy, 
Energy information Administration DOE/EIA - 01/73/3. 
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Table 5.9-2 


AVERAGE ANNUAL GROWTH RATES , IN PERCENT, 

FOR MAJOR ECONOMIC FACTORS < 1 \ AND 
PERCENT OF ENERGY COW8UMED FOR PRODUCING ELECTRICITY 


Major Economic 
Factors 

Historical 
Growth Rates 
1920-1977 

Projected Growth Rates 
1977-2000 

(Values Listed Indicate Ranges) 


Actual 

Low End Median 

High End 

U.S. Population 

1.26 

0.8 


Economic (GNP) 

3.7 

1.5-2.95 2. 4-3. 3 

3-3.75 

Total Energy 
Consumption 

3.3 

1.0 1.9-3. 5 

2-4 

Electrical Energy 
Consumption 

6.6 

2-4 3-5.3 

4-6.6 



Vslimu) (2) 


i 

1977 

2000 

Energy for Electricity: 

29 

20 35 

50 


TTJ Reports of organizations from which figures were obtained represent 
a cross section. Organizations included are: U.S. Department of 

Energy /Energy Information Administration, U.S. Department of Com- 
merce, U.S. Department of Interior, New York State ERDA,* EEI , 
EPRI , EBASCO, Bankers Trust, and others. Figures were those 
publicly presented during the general time period of 1977-1978. 

(2) Values listed are percentages as defined by the formula: 

[ (Energy Consumed for 
Producing Electricity) 1nn 
(Total iEnergy Consumed) 


*New York State Energy Master Plan and Long-Range Electric and Gas 
Report , March 1980. 
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FUEL COST 1978 



2.0 

1.5 

1.0 

0.5 


COAL D 



J L 


I960 1996 1990 1996 2000 

YEAR 


1. OMNato Fuel 01 


2. Residual Fuel CM 

3. R es id ual Fuel 09, High Sulfur 

4. Full-Range Coal Liquids 


-COAL 

5. Central Appslschian 

6. Wsst Virginia High Sulfur 

7. National Avarag* 


8. Without Raprocaaaing 

9. With Raprocaaaing 


SOURCES 
1. 3. 4. 5. 7. 8, 9 
2. 6 
a- 


EPRI Technical Assessment Guide, EPRI PS- 1201 -SR, July 1979. 

DOB'S IA Annual Report to Congress 1978, DOBBIA-01 73/3. 

DOE/EIA Monthly Energy Review, March 1980, DO£/EIA-0036/03<08), P. 89 (November 79 Data). 


Figure 5.9-1. Cost of Fuel Delivered to Electric Utilities 


Table 5.9-3 


TOTAL ELECTRICAL ENERGY AND CAPACITY FORECASTS 
FOR YEAR 2000 AND 1977 ACTUAL 


Year 



1977* 

2000 



DOE/EIA + 

epri tt 

Total U.S. electric utility 
electrical energy production 
in billions of kWh (electric 
utility plus industrial 

2124 

(2212) 

5555* 

6100 

Average national electrical 
energy annual growth rate, 
percent* 




1920-1977 

1977-2000 

6.6 

4.7 

4.6 

Peak load (GW) 

396.35 


1080 

Total generating capacity (GW) 

550.0 


1300 

Load factor, percent 

6 Mu> 

30.2 

67 

63 

Reserve margin, percent 

20 

20 

New generating capacity (GW) , 
required to supply increasing 
demand and replace retired 
capacity (by year 2000) 



925 

*EIA, Statistical History of U 

J5. 




^ Annual Report to Congress 1978 , U.S. Department of Energy, 
Energy Information Administration DOE/EIA-0173/3. 


ft EPRI - Technical Assessment Guide , EPRI PS-1201-SR, Special 
Report, July 1979 . 

C 

Year 2000 value extrapolated from 1995 midrange energy sales 
projection adjusted by 10% transmission distribuiton loss. 

•^ EEI Statistical Yearbook for 1977 , 18 Year Average - 25%. 

^Growth rate is expected to vary by region with relatively 
large variations. For example, a 2.1 growth rate is forecast 
through 1994 by the "New York State Energy Master Plan and 
Long Range Electric and Gas report,” draft report, August 1979. 
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Ssotion 6 


CONTROL ANO MONITORING SYSTtM ARCHITECTURAL 
AND EQUIPMENT ISSUES FOR DSG INTEGRATION 


6.1 INTRODUCTION 

Identified in Section 4 were five generic operational and tech 
nical problem* to consider in defining control and monitoring re- 
quirement* for integrating dispersed storage and generation (DSG) 
into the utility distribution system. These included! 

e Economics of operation 
e Quality of supply 
e Security of supply 
e Protection of equipment 
e Protection of personnel 

The control and monitoring equipment ..ecessary to effect the 
integration of DSGs into the distribution systems must be capable 
of operating the DSGs and the power systems so that the above op- 
erational and technical problems are fully resolved. 

A central issue for the implementation of control and moni- 
toring systems is the architecture of the automation system and 
how it may fit within the control hierarchy of the utilities. The 
technical considerations in addressing this central issue are sum- 
marized in this section. These considerations must take into 
account: 


• The operational characteristics of the DSGs. With 
distribution system equipment it is expected that DSG 
units will generally have the following characteristics: 

1. Unattended operation capability 

2. Control and/or monitoring from remote points 

3. Local automatic control, monitoring, and protection 
with stand-s lone operation if possible 

The DSG sizes in the ranges considered in this study, 
up to 30 MW, may generally be too small to justify 
attended operation. An operator may be present, but 
the control, monitoring, and protection equipment will 
generally be designed for unattended, automatic oper- 
ation. Control and monitoring from a higher level 
control center, such as a distribution dispatch center, 
will vary depending upon the size of DSG units and in- 
dividual utility practice. For small DSG units there ' 
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»ay be little or no control from the higher level con- 
trol center end only limited indication or data trans- 
mitted from the DBG to the control center. The utility 
may want to know only whether the DBG is OW or orr and 
whether it is connected to the utility system. For 
some small units there will be cases where no oommunica 
tion exists between the DBG units and a utility control 
center. 

Control and monitoring for large DBG units may include 
control, indication, and data utilising a supervisory 
control and data acquisition (8 CAD A) system and a com- 
munication system between the distribution dispatch 
center and DBG location. Some large DBG units may be 
controlled directly from the energy management system 
of the utility. Some DBG units may be included in the 
automatic generation control (AGC) program of the 
utility. 

Automatically controlled DBG units generally can be 
classified as partially automatic, fully automatic, and 
fully automatic remote-controlled. The fully auto- 
matic remote-controlled DBG unit, utilising a distribu- 
tion SCADA system, may receive only a start/stop signal 
from the control center. The starting and stopping 
sequences, including automatic synchronising to the 
utility distribution system, would be performed com- 
pletely automatically by local control and monitoring 
equipment provided with the DSG unit. Examples of 
other control commands include raise/lower load and 
excitation, operator control of breakers and switches 
at the DSG, etc. Scone utilities may also utilise par- 
tially automatic remote-control in which an operator 
at the utility distribution dispatch center maintains 
control over major steps of the start/stop sequence. 

Distribution automation and control in future distri- 
bution systems. With automated distribution systems 
including automation control and monitoring (DAC) equip 
ment at the distribution substation level, control and 
monitoring of DSG units may be one of the functions of 
the DAC equipment. Scheduling of DSG units would most 
likely be performed at a higher level control center, 
such as the distribution dispatch center with the DAC 
equipment utilized for DSG information gathering, and 
pass through commands or signals from the distribution 
dispatch center. 

Protective system local to the DSGs and within the dis- 
tribution power systems. Sufficient protective equip- 
ment must be provided with the DSG unit so that it is 
protected against trouble within the DSG plant, e.g., 
within the generator, transformer, etc., and also 




•gainst faults in tha distribution system. Integra- 
tion of D&O with tha utility distribution system also 
imposes additional requirements on tha pro taction and 
control of tha distribution system at both tha substa- 
tion and faadar levels . Most distribution feeders are 
operated in a radial nature, i.e. , sourced from one dis- 
tribution substation. This is the general application 
considered in this study. The D8G units which are con- 
nected to distribution feeders at points remote frost 
the substation will mean that feeder faults are fed 
from both the substation and from remote DUG locations. 
This will impact feeder relaying coordination and fault 
location techniques. The DSG units at the substation 
will also impact distribution system design and oper- 
ation and must be factored into substation and feeder 
protective relaying and control, circuit breaker ratings, 
etc. 
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&2 CONTROL AND MONITORING KLIMENTS 

A control systssa can ba viewed as consisting of flva elements t 
a Information-processing system 
a Decision-making system 
a Instrumentation systan 
a Actuator systan 
a Communication systan 

Information procassing takas available information, measure- 
ments, priorities of human operators, ate., and provides a data base 
for decision making. Decision making takas the output from the 
information-processing system and makes explicit c v >ices about what 
should b# dona. Instrumantation includes monitoring and other data- 
gathering devices to provide inputs to the information-processing 
system. Data are communicated from instrumantation to the informa- 
tion-processing system and from the information processing to the 
decision-making system by the communication system, especially when 
these systems are separated spatially from one another. The actu- 
ator system takes output from the decision-making system and con- 
verts that output into explicit actions. Figure 6.2-1 illustrates 
how these separate elements may operate together as a simple con- 
trol system. 



Figure 6.2-1. Simple Control System Representation 
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6.2.1 INFORMATION-PROCESSING AND DECISION-MAKING COMBINATIONS 


Four possible ty*. -hm of information processing-decision making 
combinations are* 

• Local information processing - local decision making 

• Local information processing - central decision making 

e Central Information processing - local decision making 

e Central information processing - central decision making 

The local information processing and local decision-making com- 
bination represent an extreme case where no communication exists 
between a DSG unit and the distribution dispatch center or the energy 
management system. Small customer-owned DSGs exemplify such local 
information processing and local decision making. With local in- 
formation processing and central decision making, all local infor- 
mation at the DSG site would be passed to a higher control center 
(DDC or EMS) for decision making. This may not be necessary since 
many decisions can and should be made locally, e.g., protection, 
voltage regulation, shutdown in emergency, etc. With central in- 
formation processing and local decision making, decision making is 
still done locally but by using a data base developed partly with 
centralized information, as well as with local measurements. Pre- 
sent automatic generation control is an example of central informa- 
tion processing and local decision making. The central information 
processing and central decision-making combination represents the 
extreme case where all information is transferred to one central 
point and centralized decision making occurs. For larger DSGs the 
economic scheduling of DSGs from the DDC is an example of this 
central information-processing and central decision-making set of 
conditions. 

A generalized information-processing and decision-making flow 
diagram for DSG integration into the overall utility control hier- 
archy is shown in Figure 6. 2. 1-1. Some control decisions are shown 
to be made locally, some centrally. 

In the information-processing and decision-making flow diagram, 
the four major elements of the utility system are shown.. These 
include the bulk system, the distribution system, the customer load, 
and the DSG units. The location of the local elements of the DSG 
control and monitoring system would be at the DSG site which is 
either at the distribution substation or at a remote point on a 
distribution feeder. Distribution system central information pro- 
cessing and decision making would be at a higher control center, 
such as distribution dispatch. Bulk system central information pro- 
cessing and decision making would be at the energy management system 
of the utility. Communication systems are required since the local 
and central locations are different. 
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Figure 6. 2.1-1. DSG Integration: Information-Frocessing- 

Decisicn-Making Flow Diagram 

While DSG is shown as a separate system in Figure 6. 2. 1-1, 
there will be some applications v/here the DSG unit is located on the 
customer side of the meter. Also worthy of note is the fact that 
several DSGs may be present where only one is shown. 

There is an interaction between the DSG units at the substation 
or feeder and with other elements of the distribution system. A 
dashed line is shown between the local decision-making elements of 
these two systems in the diagram. The flow diagram and this inter- 
action at the local level suggest several approaches for the control 
and monitoring of DSGs in the electric utility control hierarchy. 

Three structural approaches to DSG control and monitoring are 
discussed in the following sections. The terminology used indicates 
the nature of the structural approaches that are available to utili- 
ties. These terms are - 

• Centralized DSG Control and Monitoring - where a DDC 
primarily controls several r SGs located at different 
substations and/or feeders. 

• Decentralized DSG Control and Monitoring - where a DDC 
primarily controls several distribution automation func- 
tions at each substation of which DSG is only one func- 
tion. 

• Local Control - where the DSG control primarily origi- 
nates locally and the DSG is only remotely monitored at 
the DDC. 
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The centralized approach refer* to the monitoring and control 
of D8G« separately from the other distribution functions. It in- 
cludes both local decision making at the DBG location and also 
central decision making at the DDC or the energy management system 
(EMS) so that the total system control is not truly centralized in 
the general meaning of the word. 

It is pertinent here to mention that truly centralized or de- 
centralized system controls are extreme developments, neither of 
which is wholly practical. Economic dispatch, at least in its 
present form, requires some centralization of computation and de- 
cision making. On the other hand, most of the distribution system 
controls (even without the DSG) would present too burdensome a con- 
trol problem for a central EMS. Elements of centralized and de- 
centralized control wil? be found in any practical control scheme. 

Because of these facts, we are justified here in regarding DSG 
control as decentralized if the control is exercised from a point 
in the control hierarchy below the DDC, or centralized if the DSGs 
are controlled directly by the DDC. 

Not all companies have distribution dispatch centers. In this 
case, the centralized approach results in the DSG control being ex- 
ercised from the energy management center. If the DSGs are both 
numerous and small, companies not using a DDC may prefer the decen- 
tralized approach in which controllers located at the distribution 
substation (see next section) assume most of the control. 

Whichever method is used, or whether other variations are de- 
vised, some local computation and control will almost certainly be 
used for DSGs large enough to warrant control at all. At the DSG 
local level are needed the necessary measurement, information pro- 
cessing, and communications to the DDC or EMS. With the centralized 
approach, communication is direct between the DDC and a number of 
DSG units, which may be at the substation, feeder, or customer 
location. 


6-7 


6.3 CENTRALIZED CONTROL AND MONITORING 


The central ized control and monitoring approach is illustrated 
in Figure 6.3-1. For each of the individual DSG units, there will 
be a number of subsystems and functions for control and monitoring. 
Control and monitoring requirements for other distribution system 
functions would be handled separately at the local level with sepa- 
rate communications with the distribution dispatch center. In Fig- 
ure 6.3-1, instrumentation, communications, actuator, some local 
information processing, and local decision making for the DSG units 
aro present at each DSG location. For the other distribution func- 
tions such as voltage control these control elements are assumed to 
be located at the substation. Central information processing and 
central decision making for the DSG and for distribution functions 
reside at the DDC. 



Figure 6.3-1. Centralized Control and 

Monitoring for DSG Integration 
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6.4 DECENTRALIZED CONTROL AND MONITORING 


The decentralized approach refers to the monitoring and control 
of both DSGs and other distribution automation and control functions 
through a control and monitoring system for substations and their 
feeders. Instrumentation, communications, local information pro- 
cessing, and local decision-making subsystems would be located at 
a distribution automation control (DAC) system at the substation. 

The DAC system would communicate with a higher level control center 
such as the DDC. It could include both substation and feeder auto- 
mation and encompass functions in the categories of data acquisition 
and monitoring, control, protection, status and alarm, data logging, 
and system interface. 

The DAC system located at the distribution substation would 
be responsible for DSG units at both the substation and remote loca- 
tions on its feeders, as well as the other DAC functions. 

The decentralized control and monitoring approach is illustrated 
in Figure 6.4-1. 
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Figure 6.4-1. 


Decentralized Control and Monitoring 
for DSG Integration 


6-9 










6.5 LOCAL CONTROL AND REMOTE MONITORING 


For soma smaller or customer-owned D8G units it may not be 
legally, economically, or technically feasible to control their 
operation using either a centralised or decentralised approach. 
Instead, automatic controls at the DSG site would start up and shut 
down the DSG unit based entirely on local conditions, e.g., proper 
wind speed for small wind-driven generators or the customer-owner's 
need for process power. 

Depending on the size of the DSG unit, the only monitored in- 
formation transmitted back to the control center may be the ON-OFF 
status of the DSG. With very small units there will probably be 
some cases where no information i* transmitted back to the control 
center on a continuous basis. 

For example, consider an individual residential customer whose 
average load may amount to 2 kW. A single load element for such a 
customer may be a range, a water heater, or a resistance heater, 
any one of which may amount to 4 kW. In order for such a customer 
to be able to supply his own needs, as well as to provide any ap- 
preciable power back to the utility, a 10 kW generation source is 
a reasonable minimum size for such a small, remote DSG. Although 
smaller DSG units would pose no particular problem to the utility, 
it should not be necessary to monitor or control the contribution 
of each small DSG. Therefore, in this study, a nominal size of 10 kW 
has been considered the lower limit to small DSGs. 


6.6 CONTROL AND MONITOftlNQ - D8Q SIZE AND QUANTITY 


> 


Tha three approach** which hava baan described for control and 
monitoring of DSG units can b* ralatad to tha sisa and quantity of 
tha DSG units on tha utility distribution systsm. A generalised 
matrix is shown in Tabla 6.6-1 which indicatas a possible ralation- 
ship between tha control and monitoring approach and tha sisa and 
quantity of DSG units on a particular utility systsm. 


Assuming that all ara squally accsssibls, tha ranga of sizes 
shown for tha different DSGs, which amounts to 3000/1, serves to 
emphasise that some DSGs ara mora important than others in terms 
of their need to be monitored and controlled. Furthermore, whan 
one considers that soma of the medium and large DSGs and most of 
the small DSGs, are owned by customers who may not be able or will- 
ing to let the utility control their power output, it becomes more 
apparent that some DSGs may have a different need for remote moni- 
toring and control than others. 

Table 6.6-1 

POSSIBLE RELATIONSHIP CONTROL AND MONITORING APPROACH - 

DSG SIZE AND QUANTITY 


N. QUANTITY 

FEW 

SEVERAL 

MANY 

SIZE X. 

(UNDER 10) 

(10 -SO) 

(50- 1000) 


LIMITED REMOTE OR 

LIMITED REMOTE OR 

LIMITED REMOTE OR 


LOCAL CONTROL. 

LOCAL CONTROL. 

LOCAL CONTROL. 

SMALL 

(0.01-0.SMW) 

ON-OFF 

ON-OFF 

ON-OFF 

INDICATION 

INDICATION 

INDICATION 


ONLY 

ONLY 

ONLY 

MEDIUM 

CENTRALIZED 

CONTROL 

CENTRALIZED 
OR DECENTRALIZED 
CONTROL 

DECENTRALIZED 

CONTROL 

(0.S-5MW) 

SOME 

SOME 

SCME 


INDICATION 

INDICATION 

INDICATION 


& DATA 

& DATA 

& DATA 


CENTRALIZED 

CENTRALIZED 

CENTRALIZED 

LARGE 

(5-30MW) 

CONTROL 

CONTROL 

CONTROL 


INCREASED 

INCREASED 

INCREASED 


INDICATION 

INDICATION 

INDICATION 


& DATA 

& DATA 

& DATA 


From the viewpoint of the operator of the DDC the question which 
arises is how much time and information is essential for the DDC op- 
erator to perform a satisfactory and adequate measure of monitoring 


jA 


i\» 

i - - ; 

ll* r-aW- 
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and control. In all probability a f aw small units will rsprassnt in- 
stances whsra ths DSGs ara owned and operated by their customers and 
the control is principally local and customer-decided. The ON-OFF 
indication is about all the monitoring that is needed. If the units 
are medium-sized, there is increased likelihood that they will be 
owned by a utility and there will be a reason for these to be DDC 
controlled. Since the units are handling more power, there is a 
greater need for remote indication and data. For large units, DDC 
control and increased indication and data are likely to be justified. 

In Table 6.6-1 it is assumed that the trend in control and 
monitoring will be from centralized to decentralized for medium- 
sized DSG units as the nraiber of units increases on a given utility 
system. The control and monitoring varies from local control only 
to control with increased indication and data brought back to the 
higher level control center as the size of DSG units increases. 


? 


6.7 DISTRIBUTION 8CADA 

With control and monitoring of the DSG from a remote point, 
the distribution SCADA function is required. This will involva 
master equipment at the higher level control center and remote 
terminal unit equipment at the DSG location. 

Tables 6.7-1 and 6.7-2 indicate the locations of master and 
remote terminal equipment with the centralised and decentralised 
control and monitoring approaches and with the DSG at the distri- 
bution substation and connected to a feeder. 

The DSG control and monitoring input and output requirements 
can be tabulated in several ways. One helpful method in picturing 
the requirements for a higher level control center, such as a DDC, 
and a remote terminal unit at the DSG location is to Identify the 
inputs and outputs at the DSG remote terminal unit communication 
interface. 

Types of DSG control and monitoring input and output quantities 
which may be required to be transmitted over the communications 
system between the control center and the remote terminal unit are 
shown in Table 6.7-3. 

The outputs from the DSG remote terminal unit will be needed 
at the distribution dispatch level at various periods. For example, 
status changes, e.g., breaker to switch position, and alarms might 
be reported at the normal scan cycle of the SCADA function. This 
could be every few seconds. The update period for values, e.g., 
generator MW or MVAR, would depend upon the degree of participa- 
tion in the utility power system automatic generation control (AGC) 
program. Without AGC participation, an update period for values 
approximately every 15 minutes or more is probably appropriate. 

All data values might be obtained automatically once an hour for 
periodic logging at the control center. 

The operator would have the capability at the control center 
to request status and data values at any time for a selected point 
or all points at the DSG location. Similarly, the operator at the 
control center could control the s tart/stop of the DSG, the open/ 
close of the breakers, the raise/lower power output, the raise/lower 
voltage/VAR, etc. 

6.7.1 DISTRIBUTION DISPATCH CENTER (DDC) 

Many utilities have control centers or dispatch centers for 
controlling their distribution system. The DDC is a manned center 
and generally serves as the point from which crews are dispatched 
in the event of trouble on the distribution system and for routine 
maintenance. Where the utility has a SCADA system for the distri- . 
bution system, the DDC often is the location of the SCADA master. 

The DDC may have responsibility for up to 50 or more distribution 
substations and their feeders. 
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Table 6.7-1 


D8G AT DISTRIBUTION SUBSTATION - 


DISTRIBUTION SCADA 


D8G Control 

Centralised Control 

Decentralised Control 

and Monitoring 

and Monitoring 

and Monitoring 

SCADA Master 
Function 

DDC* 

DDC* 

SCADA Remote 

Remote Terminal Unit 

Combined with DAC 

Function 

at Substation 

Equipment at Substation 


For automated distribution systems the DDC would serve as the 
focal point for a number of distribution automation functions. A 
representative form of the DDC control and monitoring equipment, 
including the communications interface to DSG units with both cen- 
tralized and decentralized control and monitoring, is shown in 
Figure 6.7-1. Figure 6.7-2 is a representative diagram of possi- 
ble DDC control equipment. Some users may utilize a DDC redundant 
CPU approach for greater reliability. 


Table 6.7-2 

DSG CONNECTED TO DISTRIBUTION FEEDER - 
DISTRIBUTION SCADA 


DSG Control 
and Monitoring 

Centralized Control 
and Monitoring 

Decentralized Control 
and Monitoring 

SCADA Master 

DDC* 

e 

DDC for scheduling 



e 

DAC equipment at sub- 
station for pass- 
through commands, in- 
dication and data 
gathering 

SCADA Remote 
Function 

Remote Terminal Unit 
at DSG location 
on feeder 

Remote Terminal Unit 
at DSG location 
on feeder 


♦Some large DSG units may be controlled directly from the utility 
EMS level. 
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Table 6.7-3 


DBG CONTROL AND MONITORING 


Representative Input and Output Quantities 
To the DSG Remote Terminal Unit from the 
Control Center 


Inputn 

Outputs 

Control 

Status 

e Two-Position Control 

e Device 

e Incremental/Variable 

e Alarms 

Position 


Data Requests 

Values 

e Automatic 


e Operator Demand 




(C&fTRAUZED CONTROL DECENTRALIZED CONTROL 
AND MONITORING) AND MONITORING OF 


DSG UNITS ANO 
FOR OTHER DISTRIBUTION 
AUTOMATION FUNCTIONS 


Figure 6.7-1. Representative DDC Control and 

Monitoring Equipment Configuration 
Structure 
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6J COMMUNICATIONS 


Communications ara required between tha utility control center, 
such as tha distribution dispatch cantar (DDC) or KM8, and tha 8CADA 
remote terminal unit (ITU) at tha D8G location. Tabla 6.8-1 shows 
tha major different communication paths which may be utilised for 
D8G integration on tha distribution system. 

Tha amount of control command information to ha transmitted 
from the control cantar to tha DIG location and tha data to be 
returned from tha D8G to tha control cantar will vary with tha 
sisa of tha DSG unit, methods of scheduling, and tha individual 
utility practice. 

Communications between tha DDC and tha substation ara normally 
by voice grade circuit. Below tha substation distribution, com- 
munications systems being evaluated by utilities include tha dis- 
tribution line carrier, radio, and telephone. 

The traffic on tha communications system for DSGs is determined 
by the number of control, indication, and data points and tha fre- 
quency with which information is raquirad. These subjects are ad- 
dressed in Section 8.4. 


6-17 


Tabl* 6 


P 06 SI BUS COMJHJ 
DSG INTEGRATION OH DIS 



RMS 

DAC at 
Sub- 

DDC station 

Centralised Control 
and Monitoring 



DSC at Distribution 
Substation 

(Some Large DSGs) 


or 



DSC Connected to 
Feeder 



DSC, Internal to 
Customer Load 



Decentralised Control 
and Honitoring 



DSC at Distribution 
Substation 

(Some Large DSGs) 


or 

4 


DSC Connected to 
Feeder 



DSG Internal to 



Customer Load 



Local Control 
and Monitoring 



DSG at Substation 


a or 

DSG Connected to 
Feeder 


4 a or 



DSG Internal to 
Customer Load 


or 


L8 


JtTU at 

Sub- KTU at KTU at Cuatoawr 

station Feeder Ha taring Point 


NOTZs While in- 
formation flow 
showr is one way, 
the scanning sys- 
tem would request 
data from DSG-RTJ 








6.8 REPRESENTATIVE CONTROL AND DATA REQUIREMENTS 
FOR HYDROELECTRIC GENERATOR UNITS 


Table 6.9-1 shows three different examples of representative 
control, indication, and data information implemented by utilities 
for hydroelectric generators. The control and monitoring informa- 
tion is tabulated in the general format of Table 6.^-3. 

The three cases in Table 6.9-1 represent hydroelectric gen- 
erators in the range of from approximately 1 MVA up to approximately 
60 MVA and are for three different user examples. They illustrate 
a range of inputs and outputs, and from these references represent- 
ative requirements for communication data and commands were derived 
and utilised in Section 8. 
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Tab la 6.9-1 


REFERENCE CONTROL AND MONITORING QUANTITIES - HYDROELECTRIC 


Inputs to DSG Remote Terminal Unit 
from Control Center 

A 

B 

c 

Control 




Two-Position Control 

Generator Unit Start/Stop 
Generator Unit Circuit Breaker Trip/Close 
High-Vf Itage Circuit Breaker Trif /Close 
Station Service Circuit Breaker Trip/Close 
Station Service Transformer Switch Trip/Close 
Main Transformer Low-Voltage Disconnect 
Switch Trip/Close 

Main Transformer High-Vo.tage Disconnect 
Switch Trip/Close 
Sluice Gate Heating On/Off 
Transfer Trip TeBt On/Off 
Unit Load Control On/Off 
Station Load Control On/Off 
Remote-Control Mode Manual/Auto 
Generator Field Breaker Trip/Close 

Multiposition Control 

Unit Gate/Governor Four Position 

Incromental/Var iable Position Control 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XO) 

X (2) 

X (2) 
X 

X (2) 

X (2) 
X (2) 
X<2) 
X (2) 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Unit Voltage VAft Raise/Lower 
Unit Gate/Governor Speed/Power Raise/Lower 
Unit Cate/Governor Limit Raise/Lower 
Head Gates Lower- 

Sluice Spillway Gate Raise/Ixrwer 

Data Requests 




Automatic 




Normal Conditions 




Normal Scan 

X 

X 

X 

Periodic Log 


X 

X 

Alarm Conditions 

X 

X 

X 

Operator Demand 




Status 




Individual Points 

X 

X 

X 

All Points 

X 

X 

X 

Value 




Selected Data 

X 

X 

X 

All Data 

X 

X 

X 
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Table 6.y-l 


REFERENCE CONTROL AND MONITORING QUANTITIES - HYDROELECTRIC (Cont'd) 


Outputs from DBG Rsmots Terminal Unit 
to Control Canter 


Statue 


Device (Two-Position) 


enerator Master Control Relay 
Generator Circuit Breaker 
Generator Voltage Regulator Limits 
Station Service Transformer Switch 
High-Voltage Breaker 
Sluice Gate Heating 

Main Transformer Disconnect Switch (LV) 

Main Transformer Disconnect Switch (HV) 

Headgate Limits 

Sluice Gate Limits 

Station Service Breaker 

Unit Load Control Qn/Off 

Station Load Control On/Off 

Unit Running/Stopped 

Generator Field Circuit Breaker 


Status (Device Multiposition) 


rut Control Mode (3-Posltlon) 
Unit Gate Position (4-Position) 


Alarms 


Unit Tripout 
Unit Trouble 
Breaker Automatic Trip 
Generator Overvoltage 
Generator Loss of Field 
Generator Overspeed 
Incomplete Start/Stop Sequence 
Governor Oil Pressure (Low) 

Line Protection 

Generator Phase Backup 

Generator Armature Ground 

Station Service Transformer Overcurrent 

Main Transformer Differential 

Main Transformer Phase and Ground Backup 

Main Transformer Gas 

Generator Split Phase 

Generator Differential 

Unit Bearing Over Temperature 

13,8 kV Bus Differential 

Generator Armature Ground 

600 V Feeder Protection 

Main Transformer (s) 

High Oil Temperature 
Hot Spot Temperature 
Oil Level 
Gas Accumulation 
Cooling Failure 
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Table 6.9-1 


REFERENCE CONTROL AND MONITORING QUANTITIES - HYDROELECTRIC (Cont'd) 


Alarm* (Cont’d) 

A 

B 

Generator 



X (2) 

Bearing Cooling Hater 



X (2) 

Bearing Oil Level (High or Low) 



X (2) 

Bearing Temperature (High) 



X (2) 

Bearing Oil Temperature (High) 



X (2) 

Carbon Seal Hater Failure 



X (2) 

Governor Oil Pressure and Level 



X (2) 

Field Ground 



X (2) 

Stator Temperature (High) 



X (2) 

Field High-Temperature (High) 



X (2) 

Creep 



X (2) 

Voltage Regulator 



X (2) 

Transducer Failure 



X 

Carbon Seal Emergency Water 



X 

Fire Pumphouse Heating 



X 

Service Air Pressure (Low) 


f— ■ 

X 

Battery Charger Failure 


•O 

X 

Battery Ground or Undervoltage 



X 

Station Service Transfer 


8 

X 

Main Sump (High Level) 


u 

X 

Deluge System Operated 



X 

Deluge System Blocked 


¥> 

H 

X 

C0 2 Discharged 


Oi 

X 

C0 2 Blocked 


P 

X 

120/208 V Service Transfer 


0 

u 

X 

Fire 


u 

X 

Station Unauthorized Entry 



X 

Loss of Control Bus 



X 

DC Head Cover Pumps On 



X 

Turbine Greasing Failure 



X 

Switchgear Air Pressure 



X i 

600 V Service Ground 



X 

Burnt-Out Thermocouple 



X 

Less of AC to Fire Pumps 



X (2) 

Station Service Transformer Low Oil or Surge 



X 

Partial Remote Control 



X 

On-Demand Telemetering Channel Failure (Frequent) 



X 

On-Demand Telemetering Channel Failure (Impulse) 



X 

Communications Normal Emergency Power Supply 



X (2) 

Automatic Transfer of Supervisory Channel 



X (2) 

Failure Main/Standby Supervisory Channel 



X (2) 

Failure of Transferred Trip Channel 



X 

Loss of DC to Transferred Trip Transmitters 




Trash Rack Differential 




Unit Stopped 




Flashboard Failure 




General Station Alarm 




Low Unit Bearing Oil Pressure 
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Table 6.9-1 


REFERENCE CONTROL AND MONITORING QUANTITIES - HYDROELECTRIC (Cont'd) 


Values 

A 

B 

C 

Analog (Variable) Quantities 




Generator (MW) 

X 


X 

High-Voltage Systaia (kV) 

X 



Generator Volts (kV) 

X 

X(2) 

X 

Generator (MVARS) 

X 

X (2) 

X 

Station Service (Amperes) 

X 

X (3) 


Headwater Level 

X 

X 

X 

Tailwater Level 

X 

X 


Spillway/Sluice Gate Position 

X 

X 

X 

Station (MVARS) 

X 



Station (MW) 

X 

X (2) 


System Frequency 

X 



Gate/Governor Position 


X (2) 

X 

Generator Field (A) j 


X ( 2 ) 


Gate/Governor Limit Position 

X 

X(2) 

X 

13.8 kV Bus Volts 


X 


High-Voltage Lines 



X 

MVARS 



X 

kV 



X 

Pond Water Level 



X 

Pentstock Pressure at Turbine 



X 

Integrated Quantities 




Generator (MWH) 


X (2) 

X 

Station (MWH) 

X 



Unit Water Flow 


X(2) 


Generator (MVARH) 



X 


NOTE: Example* refer to three selected users as below: 

Column A. Large hydroelectric plants in the western United 
States with multi-units, approximately 50 MW each. 
Reference, Modern Control of Large Hydroelectric 
Generating Systems; ft.il. Bruck, AitfeE, fcaper £2-1. 
Column B. Multi-unit plants with hydroelectric units from 
16 to 64 MVA. Numbers in parentheses indicate 
quantities at a two-unit plant. Reference, Elec- 
trical Features of Ontario Hydro's Modern Super - 
visory-Control led Hydraulic Generating Stations; 

jTv^ims7“ArEE‘Tape'fgi-'5'4'. 

Column B Alarm Categories: 

I Return to service anytime 
II Return to service if required for load 
III Lockout 
IV Sustained fault 

Column C. Represents preliminary plans for control and mon- 
itoring of unattended hydroelectric plants by 
Niagara Mohawk Power Corporation (NMPC) in New 
York State. The NMPC system has 81 hydroelectric 
stations totalling approximately 660 MW installed 
capacity 
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Section 7 


MAJOR OPERATING MODES AND STATES 


7.1 INTRODUCTION 

The installation of dispersed storage and generation on an 
electric utility distribution system will introduce a new set of 
operating conditions. For a significant amount of DSG capacity, 
integration of these new operating conditions into the electric 
utility framework will probably require remote and automatic con- 
trol. This may be attributed to three main factors: 

• Since DSG unit size is small compared to central sta- 
tion generating units, there could be a large number 
of units in operation for a significant DSG-installed 
capacity. This could include many small customer-sized 
units encouraged by economic incentives. Since it will 
not be possible to economically justify local operators 
for individual small DSG units, automatic control will 
be required. 

• For DSGs supplied by intermittent energy sources such 
as sun, wind, and rivers/streams, and battery or fuel 
cell peaking-duty DSGs, the number of startup and shut- 
down operations will be much greater than for baseload 
plants. This will require automatic operation, espe- 
cially for intermi ttent-type DSGs. 

• Because of the large number of storage and generation 
devices which would be dispersed throughout the dis- 
tribution system and because of frequent unpredictable 
startup and shutdown, the possibilities of danger to 
repair and maintenance personnel will greatly increase. 
Therefore, automatic monitoring and control at the DSG 
to properly coordinate with abnormal and emergency dis- 
tribution states, and the monitoring of all DSGs by the 
utility DDC dispatcher will become very important. The 
capability to inhibit or block DSG operation or to quickly 
shutdown and lockout DSGs by remote control can have both 
efficiency and safety implications. 

This section presents a detailed discussion of the DSG operat- 
ing modes and the states of the DSGs and distribution system. The 
functional requirements for DSG monitoring and control are strongly 
influenced by these modes and states. 
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7.2 DEFINITION OF TERMS 


Ine operation ot DSGs as an integral part of the distribution 
system requires recognition of the DSG condition or "state." In 
addition, the conditions existing bn the bulk power and distribu- 
tion systems are of major importance for the integrated operation 
of DSGs within the distribution system. Thus, the state of the 
distribution or bulk power system can affect the mode of DSG opera- 
tion. These terms "mode" and "state" are defined in this section 
to provide a common reference of understanding. 

There are interrelationships between DSG operating states and 
modes, DSG and distribution system states, and DSG modes and dis- 
tribution states. These interrelationships are described to pro- 
vide an understanding of the interdependency of and the need for 
control and monitoring under various conditions. The operator 
constraints with regard to DSG operation under the various combi- 
nations of DSG and distribution states are discussed to provide 
further understanding of the operating control requirements for 
the control and monitoring requirements analysis. 

A common set of terms is required to discuss and describe in- 
terrelationships among DSG, distribution system, and bulk power 
system operation. A basic differentiation between the terms "mode" 
and "state" must be made. This report uses the term "mode" to de- 
scribe the manner in which the DSG plant or unit is being operated. 
The term "state," us used for DSGs, describes the operational char- 
acteristics or conditions of a DSG at a given time. Definitions 
for the state of the bulk power system are adopted from a published 
IEEE article, (4) recognizing that they are not universally accepted 
as standard in the industry. Distribution system state definitions 
have closely followed the bulk power system state definitions and 
have adapted them with some < ■ ! nborat ion pertinent to distribution 
system operating conditions. 

7.2.1 DSG OPERATING MODES 


DSG plants or units may be considered to be in one of three 
operational modes: ON, OFF, or STANDBY. The definitions of these 
terms for the purpose of this report are as follows: 

• ON - DSG is in an operable condition ("running"), in 
synchronism or equilibrium with the power system, and 
electrically connected to it. In this condition the 
DSG will normally be generating electrical power or ab- 
sorbing it, as in the case of a storage battery. 

• OFF - The DSG is electrically disconnected from the dis- 
tribution system at the DSG-distr ibut ion system interface 
and is shutdown or inactive, i.e., not "running." 

• STANDBY - DSG is in an operable condition, activated 
("running") but not electrically connected to the dis- 
tribution system. 


j* 
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Factors influencing the mode in which the DSG is placed are: 

e DSG energy resource 
e DSG and power system schedules 
e DSG state 
e Power system state 
e Private owner (customer) decisions 

1 . 2.2 BULK POWER SYSTEM STATES 

Power system operating conditions can be described by five 
operating states: normal, alert, emergency, in extremis, and re- 

storative. The characterization of these five states was developed 
for the overall power system, but the states have been considered 
primarily in relation to the bulk system. A brief description of 
the five operating states follows; states and transitions between 
the states are shown in Figure 7. 2. 2-1. 



Figure 7. 2. 2-1. Power System Operating States 

In the normal operating state, generation is adequate to meet 
existing total load demand. No equipment is overloaded and reserve 
margins for generation and transmission are sufficient to provide 
an adequate level of security for the stresses which may be imposed 
on the system. 

The alert state is entered if the probability of disturbance 
increases or if the system security level decreases below a par- 
ticular level of adequacy. In this state, all constraints such as 
adequate generation for total load demand are satisfied and no 
equipment is overloaded. However, existing reserve margins are 
such that a disturbance could cause overloads or other levels to 
be exceeded corresponding to physical limitations of equipment. 

In this state, preventive action can be taken to restore the sys- 
tem to normal. 
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In th« emergency state caused by a severe disturbance taking 
place before preventive action is taken, the system is still intact 
but overloads exist or the equipment's physical limitations are ex- 
ceeded. System security is reduced and emergency control measures 
are required to restore the system to the alert or the normal state. 
If action is not taken in time and if the disturbance or a subse- 
quent disturbance is severe, the system begins to (operationally) 
disintegrate. 

While system disintegration (operational) is occurring, the 
power system is in the in extremis state. Generation and load 
equalities are not satisfied and major portions of system load 
are lost. Physical equipment overloads occur and the equipment 
limitations are exceeded. Emergency control action is necessary 
in this state to salvage as much of the system as possible from 
collapse. 

In the restorative state, control action is taken to pick up 
lost load and reconnect the system. 

In the discussion of operating states, security is considered 
an instantaneous, time-varying condition that is a function of the 
robustness of the system relative to imminent disturbances. Se- 
curity is determined by the relationship between system reserve 
margin and the contingent probability of disturbances. Stability 
is a factor in security and is related to the continuance of par- 
allel, synchronous operation of all operating units. 

7. 2.3 DISTRIBUTION SYSTEM OPERATING STATES 

All five power system operating states apply to the distribu- 
tion system. In considering the normal, alert, emergency, in ex- 
tremis, and restorative operating states in the context of the 
distribution system and DSG integration, the following examples 
of these states are suggested 

DISTRIBUTION SYSTEM OPERATING STATE EXAMPLES 
WITH DSG INTEGRATION 

• Normal - All customer loads are being served and no over- 

loads exist on distribution substations, feeders, 
or equipment. Feeders are in their typical con- 
figuration. Voltage levels at all points are 
within specified limits. No equipment limitations 
are being exceeded. DSG equipment may or may not 
be in service, depending on scheduling. 

• Alert - All customer loads are being served and no element 

of the distribution system is overloaded. However, 
"reserve" distribution capacity is reduced in this 
state, e.g., feeder reconfiguration has occurred 
with load transfer to a different feeder, leaving 
less capability to transfer load in the event of 
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a subsequent disturbance. This state is entered 
when major distribution system equipment (e.g., 
substation transformers) is out of service, re- 
sulting in increased vulnerability to a subsequent 
disturbance. In the alert state, no physical 
equipment limitations are exceeded, but specified 
alarms may occur indicating limits are being ap- 
proached. Some examples are transformer LTC at 
maximum raise or minimum lower tap position, ratio 
of feeder or transformer actual current to normal 
rating exceeds specified limit, etc. As indicated, 
all customer loads are being served. However, load 
management (load control) may be occurring on di- 
rection from the energy management system or dis- 
tribution dispatch center to achieve a reduction 
in system load. 

• Emergency - In this state, substation or feeder overloads are 

occurring, or distribution equipment or DSG limi- 
tations are being exceeded. This state is also 
entered when under- frequency conditions are de- 
tected or when load shedding is in progress via 
the energy management system or distribution dis- 
patch center. 

The distribution system is in the emergency state 
during storm or other conditions with numerous 
customers out of service due to lines down and/or 
loss of the distribution system's major transmis- 
sion facilities. 

• In Extremis - Power system (operational) disintegration is oc- 

curring. This can be reflected in DSG units oper- 
ating in island conditions on the distribution 
system. Communications facilities for control 
and monitoring of DSG units to control centers 
may be reduced due to the conditions causing this 
state. 

• Restorative - Control action is taken to pick up customer load 

which has been lost. Examples include load res- 
toration with cold load pickup following load 
shedding, service restoration to unfaulted feeder 
zones on a feeder which has experienced a persis- 
tent fault, etc. 


7.2.4 DSG STATES 


DSG states describe the overall conditions that can exist at 
the DSG plant. The states represent conditions that are generally 
analogous to the distribution system states but pertain specifically 
to the DSG plant (or unit within a multiunit plant) . The DSG states 
are: normal, abnormal, emergency, and inoperative. These states 

may be described as follows: 
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Lj • Normal - Refers to the condition existing whan all sys- 

tarns, subsystems , and components of the DSG plant or 
J unit are operating within continuous design rating limits. 

The DSG may be in one of several modes of operation, de- 
} pending on the DSG and power system conditions and sched- 

[' uling. These DSG modes are ON, OFF, and STANDBY, as 

described above. It is pertinent to note that a DSG may 

. be in any one of its modes and be considered in a normal 

[ state. For example, it may be ON and producing power, 

t or it may be OFF and awaiting its next scheduled operat- 

| ing period. Another example is that of a DSG that has 

I an intermittent energy supply such as a wind turbine gen- 

erator. The wind energy source is inherently intermit- 
tent, and this is recognised in its design and power 
system application. Therefore, it is a normal state for 
the DSG to be in the OFF mode at certain times. 

i 

e Abnormal - Refers to the condition existing when the con- 
tinuous design rating of a major system, subsystem, or 
component is being exceeded during operation. The condi- 
tion can be tolerated for a limited time according to 
predetermined design parameters but may result in short- 
ened life compared to normal operation. Thus, in the 
abnormal state, the DSG may be operating beyond normal 
design rating or it may be constrained to less than normal 
rated output for existing conditions because of reduced 
capabilities of the DSG system, subsystem, or component. 

• Emergency - Describes the situation where continued oper- 
ation of a DSG plant, unit, system, subsystem, or compo- 
nent will result in imminent failure. It may also be a 
condition where a major system, subsystem, or component 
failure has taken place and continued operation of the 
plant or unit will result in serious damage and danger 

to personnel. In this state it is imperative that the 
DSG unit or plant be shut down immediately to limit dam- 
age and protect personnel. 

• Inoperative - Refers to a DSG unit or plant in the inop- 
erative state that is not available for on-line operation. 
It is not possible to operate the DSG until the conditions 
that caused the DSG to be inoperative are restored to 
normal. The inoperative state may be due to unplanned 
outages, i.e., failure or scheduled maintenance outages. 
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7.3 INTERRELATIONSHIPS OF MODES AND STATES 

This subsection examine* the interrelationships of modes and 

states. 

7 . 3 . 1 DSG STATES VERSUS DISTRIBUTION SYSTEM STATES 

In general the state of the individual DSG can have only a 
localized effect on the distribution system. For example, a DSG 
changing from normal to emergency state would not cause the whole 
or a major part of the distribution system to change state. Even 
a DSG fault that was not isolated by the DSG protection system 
would effect only a limited portion of the distribution system 
until backup protective devices functioned. The exception would 
be when a baseload DSG that ordinarily supplied a major percentage 
of the power on a feeder changed from normal to emergency or inop- 
erative state. In this case, if insufficient capacity exists, a 
substation transformer or feeder might become overloaded or approach 
its thermal limits. However, this would be a localized alert or 
emergency condition on the distribution system. 

The opposite can occur when an emergency or in extremis state 
on the distribution system can cause an abnormal or impending emer- 
gency condition for the DSG. An example of this would be an out- 
of-limit undervoltage condition on the distribution system which 
could cause greater than rated current and overheating of DSG gen- 
erators. Thus, the DSGs would be changed from a normal to an ab- 
normal state by an emergency condition on the distribution system. 
Other distribution system problems which can have the same effect 
are underf requency and unbalanced phase voltages. 

Thus, distribution system state degradation can cause DSG 
state degradation, but the opposite is not generally true. 

7. 3.2 DSG MODES VERSUS DSG STATES 

The changing of a DSG mode (i.e., from ON to OFF or OFF to ON) 
for routine operation does not cause a change in DSG state. The 
opposite is true when a change of DSG state from normal to emergency 
can (should) cause the DSG mode to change from ON to OFF. 

It is possible, however, for a DSG with a latent or incipient 
fault to change from normal to emergency state. If in the process 
of going from OFF to ON a fault takes place, this causes an emer- 
gency condition to materialize. This emergency condition, however, 
would occur only because of a latent condition and would not be 
basically attributable to a mode change, 

7.3.3 DSG MODES VERSUS DISTRIBUTION SYSTEM STATES 


This comparison is similar to that between the DSG state and 
distribution system state. If the distribution system is properly 
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dasignad, a changa in DSG nod* should not ordinarily causa a changa 
in distribution stata. Tha opposita, howavar, is quits likaly whan 
a distribution systam stata changa, l.a., from normal to alart to 
amargancy, could imposa unaccaptabla conditions on ona or many DSGsj 
tharaby causing thair protactiva systams to oparata and changa tha 
DSG mods from ON to OFF. 
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7.4 OPERATIONAL RELATIONSHIPS, MODE CONTROL VERSUS STATES 


A DSG will be called upon to tranaition from OFF to ON and 
ON to OFF modes for the majority of ita normal operational mode 
changes. These transitions will primarily be dictated by the DSG 
operating schedule or intermittent energy availability. Certain 
types of DSGs may have an intermediate mode between OFF and ON 
called STANDBY. This mode may be required by cogeneration or ad- 
vanced battery systems to permit stabilization of process preheat- 
ing and/or energy system balances. This mode may also be used as 
a "spinning reserve" mode in providing generating margin for the 
power system. 

These operational transitions are represented by Figure 7,4-1. 
Commands initiated at either the remote-centralized control (i.e., 
DAC, DDC , or EMC) or the local control to command a DSG to be 
placed on-line, to be taken off-line, or to be placed on STANDBY, 
will cause a startup, a shutdown, or a partial transition, as in- 
dicated by the arrows in Figure 7.4-1. 


STARTUP 

TRANSITION 


OPERATING 

MODE 


SHUTDOWN 

TRANSITION 


PARTIAL 


FULL 



FULL 


PARTIAL 


Figure 7.4-1. DSG Modes and Transitions 

In the general case tor medium and large DSGs, the initiation 
of mode changes will be possible from either the local DSG controls 
or remote-centralized control. However, certain types of DSGs, 
i.e., cogeneration or wind, may for practical reasons preclude ab- 
solute remote control. The cogeneration will usually be intermeshed 
with a heat process that places constraints on electric energy out- 
put variations. Sin e wind turbine generators defy absolute con- 
trol because of the • riable, and intermittent (unpredictable) 
source, control will be more of a permissive or prohibiting action. 


The full range of mode control initiation methods includes: 
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• Local Mode Control 


A. Manual (LM) - when the operator steps the DSG unit 
through its sequential startup or shutdown procedures. 

B. Semiautomatic (LS) - When the operator initiates 
automatic sequencing, usually by a master start or stop 
command . 

C. Automatic (LA) - When self-contained DSG logic uti- 
lizes local sensing or predetermined scheduling to ini- 
tiate startup or shutdown. This includes protective 
system action to shutdown for failures. 

e Remote Control Center 

A. Manual (RM) - When the control center operator ini- 
tiates by remote control (i.e., SCADA) the startup/shut- 
down by either one master start or stop command to the 
DSG automatic sequencing; or when the operator sequences 
the DSG in predefined steps for the mode transitions. 

B. Automatic (RA) - When the control center computer 

in fully automatic control action initiates mode changes. 

Consideration of mode control initiation as required for the 
various combinations of DSG 3tate and distribution system state 
requires examination for each type of DSG and for the specific 
energy conversion process within types of DSGs for some cases. 
Cogeneration will probably be the most restrictive in regard to 
mode control by a remote control center. Therefore, it tends to 
provide more exceptions than other types of DSGs to generate con- 
trol strategies. 

Other types of DSGs with intermittent, variable, or periodic 
energy sources (sun, wind, and run-of-river hydro) will tend to 
require using the energy as much as possible, whenever it is avail- 
able, in order to be economically justifiable. 

Because there are many types of DSGs with widely different 
characteristics, generalizations are difficult to make for DSG 
mode control regarding normal operation. However, as the DSG 
and/or distribution systems leave the normal state and go to less 
secure or degraded conditions, the structuring of mode control 
initiation becomes cxearer. 

A generalized representation of DSG mode control for DSG and 
distribution system states is given on Table 7.4-1. This matrix 
illustrates the need or desirability for local and remote mode 
control initiation capability for the various combinations of DSG 
and distribution system states. In reasoning through the coincident 
conditions of DSG and distribution system states, it is found that 
it will be desirable to have both local mode control and remote 
control for most combinations. The exceptions are mainly in the 
DSG emergency state. In the DSG emergency state the local protec- 
tion system must initiate immediate action to limit harmful effects. 
Only in unusual circumstances would a remote control center preempt 
or serve as backup to local mode control for the DSG emergency state. 
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MODE CONTROL FOR DSG AND POWER SYSTEM STATES 
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STATES TO DSG CONTROL AND MONITORING 





Because there are a number of distribution system and DSG 
states and various combinations of these states that can occur, 
consideration must be given to D3G control and monitoring to pro- 
vide the required response to these conditions. It would be de- 
sirable to have c mtrol logic and the means for the local DSG 
control to be commanded or operated to the maximum benefit of the 
power system. As a simple example, the power system may be in 
the in extremis state, but a DSG wich stand-along capability could 
supply an island within the distribution system that had become 
isolated from the main power system generation sources. To achieve 
this, overall monitoring and control coordination would be required. 

Although it is not the intent to develop the logic of how the 
proper DSG mode control commands may be developed for each of the 
many DSG and utility system states, a brief description of a pos- 
sible approach to the solution of this problem is presented. Fig- 
ure 7.5-1 presents a block diagram illustrating an interrelation- 
ship of power, protection, and control systems of an electric 
utility. The right side of Figure 7.5-1 shows the power system 
elements of generation, transmission, distribution, and DSGs in- 
terconnected as a power network with circuit breakers for connect- 
ing and disconnecting them. The circuit breakers provide high-speed 
disconnection capability when it is needed for conditions of over- 
or undervoltage, overcurrent, and over- or underfrequency. The 
protection and control functions have inputs from appropriate in- 
strumentation and from the EMS or DDC . The outputs from the pro- 
tection equipment operate on the power elements causing them to 
open or close. In a control sense, the protection equipments must 
be able to determine their own local state and to take appropriate 
action. This local action tends to be rapid because it is based 
on locally available information. In addition, the protection and 
control equipment in Figure 7.5-1 is able to receive inputs from 
the EMS or DDC. These higher level inputs, which may include load 
control and restoration functions, provide control logic/decisions 
based on a more extensive set of data that includes information on 
the other portions of the electric power system. In an example 
similar to that given above, based on locally sensed conditions, 
appropriate immediate local action may be for a DSG to disconnect 
itself from the distribution network and to go to the OFF mode. 
Later, upon receipt of signals from the DDC, which are based on 
information about other portions of the power system, the DSG 
would proceed to the ON mode through whatever steps were necessary 
locally based on its present conditions. 

The control logic and action that takes into account the 
broader EMS or DDC information base would take longer than local 
control, but, in general, speed would not be as critical for these 
decisions and actions. 
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Figure 7.5-1. Electric Utility Power, Protection, 
and Control Systems 
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The process ot developing the various control actions to be 
executed by each DSG under the five-power system and five-distribu- 
tion system states and the three applicable DSG states will require 
a detailed and comprehensive effort for each DSG. However, in a 
generic sense, the determination of the DSG operating mode could 
be represented by a matrix such as that shown in Table 7.5-1. In 
this table the appropriate mode (or mode transition) for each DSG 
state is given for each distribution system state. For example, 
when both the DSG and distribution system are in the normal state, 
it is permissible to operate the DSG; or, for DSG normal state, 
the DSG can be operated for any distribution system state if it is 
beneficial to do so. DSG operation may actually be supportive in 
nonnormal distribution states provided that sufficient skill and 
intelligence can be incorporated into the DDC logic and command/ 
control action carried out through the DSG operating mode control. 
When the distribution system state is normal, but the DSG state is 
abnormal, the DSG protection supplied with local information should 
provide the primary basis for determining the DSG mode. For non- 
normal distribution system states and DSG abnormal states, it may 
be desirable for the DSG to be in the OFF mode. Thus, each pair 
of distribution sy3tem-DSG state conditions should be analyzed and 
the proper DSG mode established. 

For the DSG in the emergency state, it will be desirable for 
the DSG to be taken out of service regardless of the distribution 
system operating state. 

Finally, if the DSG is inoperative, the DSG will be OFF re- 
gardless of distribution system state. 

From consideration and analysis of the matrix conditions of 
Table 7.5-1, the nature and basic principles can be established 
for functions such as DSG operating mode control; protection: 
substation, transformer and feeder; and protection: DSG. 


Table 7.5-1 

DSG OPERATION FOR VARIOUS DISTRIBUTION SYSTEM AND DSG STAGES 
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Section 8 


DISTRIBUTION DSQ SYSTEM FUNCTIONAL REQUIREMENTS 


8.1 INTRODUCTION 

A distribution DSG system consisting of dispersed storage and 
generation facilities located throughout the electric utility dis- 
tribution system, coordinated by a monitoring and control center is 
a relatively complex system. The functional requirements described 
in this section provide technical, operational, and performance in- 
formation required for the integrated distribution DSG system. Six 
major categories of distribution DSG functional requirements have 
been identified and used as the means of grouping similar or closely 
related functions. The six major functional requirement categories 
are listed in Table 8.1-1. Following this Introduction, the six 
categories are summarized and illustrations of their relationship 
to the distribution DSG system equipment and the control system 
are given. 

Particular emphasis is placed on communications data in Section 
8.4.5 because of their importance to monitoring and control. This 
illustration provides an example of how the findings of this study 
can be used in development and design. 

The functional requirements, which are described in this sec- 
tion, provide the basis upon which more detailed designs may be es- 
tablished and upon which functional specifications may be drawn up 
for specific utilities and DSG technologies. 

Table 8.1-1 

MAJOR CATEGORIES OF DISTRIBUTION DSG SYSTEM 
FUNCTIONAL REQUIREMENTS 

• Control and monitoring 

• Power flow and quality 

• Communications and data handling 

• Normal, abnormal, and emergency operating states 

• Failure and abnormal behavior detection and correction 

• Special DSG controls 

8.1.1 FUNCTIONAL REQUIREMENT CATEGORIES 


Summary descriptions of the six categories of functional re- 
quirements are as follows: 

• The control and monitoring functions are associated with 
the distribution dispatch center ( DDC) equipment and lo- 
cation, and provide the centralized functions necessary 
for overall coordination of the DSGs assigned to the DDC. 
Control and monitoring functions incorporate DDC operator 
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and energy management system (EMS) requirements for 
distribution DSG operation and control. DDC operator 
information and control inputs must be accommodated, and 
information concerning the DSG's operation must be pre- 
sented to the DDC operator. EMS information relative to 
overall power system generation scheduling, automatic 
generation control, volt-VAR dispatch and load manage- 
ment must be input to and incorporated by the DDC into 
its control strategies and logic operations for the .spe- 
cific DSGs and distribution system operations. The EMS 
will need feedback information pertaining to aggregate 
DSG data and characteristics in order to properly repre- 
sent overall DSG power and energy in scheduling and 
control strategies. 

• The power flow and quality functions are local DSG power- 

re latecFTTunctToni^^ power flow, provide ap- 

propriate instrumentation, and establish the quality and 
magnitude of voltage and current wave shapes (including 
harmonic content) . Each of these functions has require- 
ments, related to the specific type of DSG, that must be 
reconciled with the general requirements of the DDC con- 
trol, and monitoring function. DSG power control, for 
example, must consider minimum and maximum power output 
levels, permissible rate of change, and power reversal 
characteristics for storage-type DSGs. These require- 
ments involve both distribution system needs and DSG 
characteristics. 

• The communication and data handling functions provide 
the necessary information transfer and data handling be- 
tween DDC and DSGs, data transfer interfaces between 
these equipments and the communication links, and the 
associated information processing at the DPC. These 
functions are primarily involved in the transfer of 
command and control data from the DDC to DSGs and the 
return of monitoring (normal and alarm) data from the 
DSGs to the DDC. 

Depending on whether the distribution DSG system uses a 
centralized or decentralized control structure, the com- 
munication and data handling requirements may differ in 
detail. Using a centralized approach, information trans- 
fer takes place directly between DDC and DSGs. With a 
decentralized arrangement, DSG control and monitoring 
information shares communication facilities with general 
distribution automation and control functions. For the 
decentralized configuration, in addition to the distri- 
bution automation and control functions, incremental 
loading is added to the communication and data handling 
for DSG requirements. 

• The operational requirements associated with DSG normal 
abnormal, and emergency states relate to local functions 
at the DSG required for the control of the DSG operating 
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modes, DSG stability and personnel safety. These func- 
tions include the logic to determine whether normal, ab- 
normal, or emergency conditions exist and the logic to 
adjust or change the DSG power production process and • 
associated auxiliary equipment in response to changes 
in DSG state. The ability of the DSG to remain in step 
with the power system's fundamental frequency is of ut- 
most importance and, thus, DSG stability is an important 
requirement. For all states which the DSG may encounter, 
personnel safety is a primary consideration and require- 
ment. This requires coordination of local DSG and dis- 
tribution system operation, especially during times of 
maintenance, outages, and service restoration. 

• T ^ e failure and abnormal behavior detection and correc - 
tion functions are primarily associated with protection 
system equipments of both DSG and the distribution system. 
There is a mutually dependent requirement that the dis- 
tribution system be protected from failure and abnormal 
behavior of DSGs and, conversely, that the DSGs be pro- 
tected from failure and abnormal conditions in the dis- 
tribution system. System protection philosophy dictates 
that protective systems be associated with and located 

at DSG and distribution equipment facilities. Functional 
requirements define the protection needs in order to es- 
tablish decision rules for protective system equipment 
design. Basically, the protective systems include de- 
tection, decision logic, actuation, and power circuit 
switching equipment. 

• The special DSG control functions are associated with the 
local* DSG control equipment. These functions involve con- 
trols which cause the DSG unit(s) to respond to remote 
start and stop commands from the DDC and other special 
functions. In a general sense, this involves power ac- 
tuation and control. Therefore, these functions and 
control equipment make it possible to carry out DSG sched- 
uling directed by the DDC. Since each type of DSG will 
have different power and energy system configurations, 

the logic and arrangement of controls for special DSG 
control functions will be unique for each type of DSG. 
However, the basic functions of automatic startup and 
synchronization to the distribution system and auto- 
matic shutdown will be a general requirement for most 
DSGs. There may be some exceptions, however, such as 
medium and large cogeneration DSGs. 

For the abnormal condition of major outages and isolation 
("islanding") of portions of a distribution system, spe- 
cial consideration is required to utilize DSGs to restore 
partial power to the islands which contain DSGs capable 
of stand-alone operation. 
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8.1.2 RELATIONSHIPS OF SYSTEM EQUIPMENT TO FUNCTIONAL REQUIREMENT 

otisbkiib 


Descriptions of a distribution DSG system with centralized 
control of DSG units (in Section 6.3 of this report) show an ar- 
rangement such as that in Figure 8. 1.2-1. Since the monitoring and 


OPERATOR EMS, 
MANUAL AGO 
INPUTS INPUTS 


DISPLAY OUTPUT RECORDS 
OUTPUT TO FOR LATER 

OPERATOR REFERENCE 



FUNCTIONAL 

REQUIREMENTS 

CATEGORIES 

CONTROL AND MONITORING 
POWER FLOW AND QUALITY 
COMMUNICATION AND DATA 
HANDLING 

NORMAL, ABNORMAL, AND 
EMERGENCY OPERATIONS 
FAILURE AND ABNORMAL 
BEHAVIOR 

SPECIAL (DSG) CONTROL 


DISTRIBUTION SYSTEM DISTRIBUTION SYSTEM (E) 


Figure 8. 1.2-1. Distribution DSG System Showing Equipment and Func- 
tional Requirement Categories 
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control requirement* for the ca*e of centralized control are simpler 
to describe than those for decentralized control, the centralized 
structure will be used for illustration. However, the same principles 
may be applied to both structures of control. The distribution DSG 
equipment elements are shown on the left of Figure 8. 1.2-1. The 
corresponding six major categories of functional requirements are 
shown with the equipment elements, listed on the right side. 

The intent of this subjective pairing of equipment and func- 
tional requirement categories is to provide a more direct under- 
standing of the interrelationships and the associations between 
them. 


The equipment in Figure 8. 1.2-1 basically consists of three 
main groupings. They are Distribution Dispatch Center (DDC), Com- 
munication, and DSG equipment: 

• The DDC is the centralized equipment for coordination, 
control, and monitoring of DSGs within the responsibility 
of the particular DDC. 

• The communication equip) rovides the means of trans- 

mitting control and mon c >>g information between the 
DDC and the DSGs and inc . • , interface equipment at 

both locations. 

• The DSG includes local control, power producing, 

and protection equipment required for the generation 
and/or storage of electrical energy. 

Since the DSGs are situated within the power distribution system, 
they affect distribution system operations, circuits, equipment 
control and protection. 

It is also important to note that at the DDC, the equipment not 
only provides automated logic functions, but also serves as the 
means for the DDC operator to interact with the distribution DSG 
system and for the DDC to interact with the next higher control 
level at the energy management system (EMS) . DDC-EMS interaction 
involves DSG power scheduling and control, compatible with the 
operating goals of the overall power system. Other functions such 
as load management may also be involved. 

The preceding discussions have made a comparison and correla- 
tion of distribution DSG equipment and functional requirement cate- 
gories. The intent was to provide a means of understanding the 
terms used for the functional requirements categories and their 
relationship to the major equipments. Table 8. 1.2-1 provides a 
summary of the various functions that are grouped under the six 
major DSG functional requirements categories. 
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Table 8. 1.2-1 


DSG FUNCTIONAL REQUIREMENTS CATEGORIES 
AND THEIR ASSOCIATED FUNCTIONS 


8.2 A. Control and Monitoring 


8.2.1 

DSG Command and Control 


8.2.2 

Display and Recording 


8.2.3 

DSG Scheduling and Mode 

Control 

8.2.4 

Distribution Volt/VAR Control 

8.2.5 

Load Control, including 

Restoration 

8.2.6 

Automatic Generation Control 

8.2.7 

Security Assessment and 

Control 

B. Power Flow and Quality 


8.3.1 

DSG Power Control 


8.3.2 

DSG Voltage Control 


8.3.3 

Harmonic Control 


8. 3.4 

Instrument at ion 



8.4 C . Communication and Data Handling Requirements 


8.4.1 

Distribution SCADA 

8.4.2 

Communication 

8.4.3 

Information Processing 

8.4.4 

Revenue Metering 


8.5 D . Operational Requirements for Normal, Abnormal, and 
Emergency States 


8.5.1 

DSG Control 

8.5.2 

DSG Operating Mode Control 

8.5.3 

Personnel Safety 

8.5.4 

DSG Stability 

E. Failure and Abnormal Behavior Detection and Correction 

8.6.1 

Protection: Distribution Substation, Transformer, 


Feeder 

8.6.2 

Protection: DSG 


8.7 F . Special DSG Control Requirements 


8.7.1 

Start Capability 

8.7.2 

Synchronization 

8.7. 3 

Stand-alone Capability 
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8.1.3 CONTROL SYSTEM RELATIONSHIP TO FUNCTIONAL REQUIREMENT 

cSTESflftIFg 

An alternative method for representing the raultilevels of the 
hierarchical control system that a DDC uses to control one or more 
DSGs is shown in Figure 8.1. 3-1. The DSG power generation process 
is shown to supply an electric utility distribution network through 
protection equipment. 

It should be noted that each DDC may be controlling and mon- 
itoring several DSGs as indicated in Figure 8. 1.3-2. Thus, from 
the DDC point of view, an important feature of the control system 
is the requirement for multiplexing and time-sharing of the dif- 
ferent DSG controls at the DDC. If the number of DSGs controlled 
by the DDC is expected to be significant, on-line control computer 
capability is indicated. From the DSG point of view, the local DSG 
control must be capable of operating semi- independently since it 
will only be monitored and controlled by the DDC at discrete in- 
tervals. 

Referring to Figure 8. 1.3-1, the DSG power generation process 
is controlled through special DSG controls which receive feedback 
from the DSG. in turn, the special DSG controls have, as inputs, 
signals from the local DSG control which assures that the various 
auxiliaries are properly sequenced and controlled and that the 
overall local DSG control is operating in the proper operational 
control mode. Feedback from the DSG power elements is again em- 
ployed by local DSG control, and additional feedback from the dis- 
tribution network may be used, A possibility for local inputs, 
either manual or automatic, to the local DSG control is also in- 
dicated . 

Considering the six functional requirements categories, Fig- 
ure 8. 1.3-1 shows the control and monitoring function (A) is as- 
sociated primarily with the DDC control and monitoring. The power 
flow and quality function (B) is associated with the DSG power gen- 
eration process. The communication and data handling function (C) 
is shown with the communication means for control from DDC to local 
DSG control and the corresponding return path for monitoring pur- 
poses. The information processing portion of the communication and 
data handling function (C) is located in the DDC control and moni- 
toring area. Functions associated with DSG normal, abnormal and 
emergency operating states (D) are located at the local DSG control. 
As such, these functions relate to the communicated inputs from 
the DDC and the feedback from the DSG power processes and the dis- 
tribution network. In addition, they supply the necessary DSG 
operating controls. The failure and abnormal behavior detection 
and correction functions (E) relate most directly to the protection 
activities and emphasize equipment protection, although personnel 
protection should also be a consideration of these functional re- 
quirements. Lastly, the special DSG control functions (F) relate 
to the special DSG control equipment. 
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8.2 CONTROL AND MONITORING REQUIREMENTS 


As the number of DSGs connected to a utility distribution 
system increases , control and monitoring functions will be requirad 
at a centralized location such as a distribution dispatch center 
(DDC) . From the control system hierarchies described in Section 6, 
overall responsibility for the operation of DSGs will be assigned 
to an operator or dispatcher at a DDC. With the use of a DE»C com- 
puter system, the dispatcher will monitor and control the DSGs em- 
ploying automatic, semiautomatic, and manual methods. 

The distribution DSG system control and monitoring may be a 
centralized configuration where the DDC communicates directly with 
the DSGs, or it may be a decentralized configuration in which dis- 
tribution automation and control (DAC) is used at the distribution 
substation level to control and monitor the distribution substation 
and associated DSGs. With either configuration, principal monitor- 
ing and control functions such as command and control, display and 
recording, and scheduling and mode control are performed at the DDC. 

Above the DDC, in the control hierarchy, is the energy manage- 
ment system (F.MS) . The EMS coordinates the overall power system 
operation ana is principally concerned with the bulk power genera- 
tion and transmission system. This EMS responsibility includes 
system-wide generation scheduling, dispatching, and control. With 
the advent of DSGs in appreciable numbers, the traditional respon- 
sibility for all aspects of generation scheduling, dispatching, and 
control will be partitioned, giving responsibility for controlling 
and monitoring DSGs to the DDC. Thus, while overall power system 
generation scheduling, dispatching and control responsibility are 
retained by the EMS, the EMS will consider all DSG generation 
within a DDC ' s responsibility to be one or a few large aggregate 
generators. (Different types of DSGs may be more accurately rep- 
resented by one equivalent large generator of each type.) The 
DDC will therefore deal directly with the individual DSGs, be re- 
sponsible for optimizing their performance within distribution 
system constraints, and exercise control and monitoring as appro- 
priate for the type and size of DSG. 

There may be some exceptions where the EMS may retain schedu- 
ling, dispatch, and control responsibility for large DSGs, or for 
DSGs in general, until the quantities warrant establishment of an 
EMS-DDC-DSG control hierarchy. 

Functional block diagrams of centralized and decentralized DSG 
control and monitoring, based on hierarchical relationships described 
above, are shown in Figures 8.2-1 and 8.2-2 respectively. In these 
figures, control and monitoring functions are outlined more heavily 
than related functions. These control and monitoring functions 
include : 

• DSG Command and Control 

• Display and Recording 

• DSG Scheduling and Mode Control 

• Automatic Generation Control - DSG 
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DSG Control and Monitoring: Functional Block 
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• Distribution volt-VAR Control 

• Load control including restoration 

• Security assessment 

Figure 8.2-1 and 8.2-2 show general relationships between con- 
trol and monitor and other functions, and relationships between 
the EMS, DDC (DAC) , and DSG hierarchical control levels. 

The primary difference between the centralized DDC-DSG con- 
figuration in Figure 8.2-1 and the decentralized DDC-DAC-DSG con- 
figuration in Figure 8.2-2 is the interposed DAC equipment and 
functions in the decentralized case. Basic functions at the DDC 
and DSG remain the same in both configurations. The DAC provides 
a control and monitoring concentrating function for DSG information 
in addition to its primary distribution automation function as de- 
scribed in Section 6 of this report. 

A brief description of the functions included in the control 
and monitoring requirements category provides a basis of under- 
standing for the more detailed functional requirements. 

• The DSG command and control function performs a coordi- 

nating and interface function for the three major func- 
tions which require control actions to be performed at 
the DSGs. Thus, direct inputs to the command and con- 
trol function are: DSG scheduling and mode control, 

DSG automatic generation control, and distribution volt- 
VAR control. The output of the command and control 
function is processed and formatted by the information 
processing function. 

• T ^ e display and recording function provides nonpermanent 
and permanent information to the DDC. Nonpermanent dis- 
plays capable of showing the DDC operators current and 
trend information of DSG normal, abnormal, or emergency 
conditions will normally be provided by CRT displays. 

Some DDCs may also have animated map boards as supple- 
mental information. Preparation of permanent records 

of operator actions, alarm conditions, and normal per- 
iodic logs are also the responsibility of this function. 
The centralized source of the display and record infor- 
mation is the information processing function. This 
function is described in the communication and data 
handling category descriptions in Section 8.4. Tiie out- 
puts are in the form of operator CRT and map board dis- 
plays and permanent typewritten or magnetic tape records. 

• DSG scheduling and mode control involves daily, weekly, 
and monthly scheduling of DSGs and initiating mode con- 
trol (on-off-standby) at appropriate times. Daily, 
weekly, and monthly time periods are associated with 
unit commitment and maintenance activities. These sched- 
uling activities in turn are affected by DDC distribution 
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planning, operation and maintenance functions, personnel 
safety, distribution security assessment, load control 
including restoration, and EMS power system generation 
scheduling. Resultant decisions regarding DSG mode con- 
trol (on-off-standby) are initiated via the DSG command 
and control function. The mode control may be arranged 
either to require DDC operator approval or to be carried 
out automatically. 

• DSG automatic generation control (AGC) is a subfunction 
of the EMS power system AGC function which has the over- 
all responsibility of automatically adjusting the power 
output levels of electric generators within its control 
area. The EMS (perhaps excluding some large DSGs) will 
consider each DDC as having one or a few large "equiva- 
lent'' generators. These equivalent generators in fact 
will be comprised of many DSGs. The EMS thus determines 
total power system control area (AGC) needs and condi- 
tions, and performs bulk power system level AGC including 
equivalent DDC generators. The desired action and perti- 
nent information related to each DDC ' s (AGC) dispatch and 
load-frequency control will be transmitted to the DDC(s). 
There it will be "decomposed," as appropriate, to control 
the DSGs within the DDC’s jurisdiction which are under 
remote automatic control. Thus the DSG-AGC function may 
receive direct operator input, DSG scheduling input and 
EMS -AGC inputs. DSG-AGC output is coordinated and carried 
out by the DSG command and control function. 

• Distribution volt/VAR control is the overall function of 
voltage and reactive power control within the jurisdiction 
of a DDC. Included in the means of controlling voltage 

on the distribution system is the adjustment of voltage 
and/or volt ampere reactive (VAR) power of DSGs. Volt- 
VAR control can be used to reduce system power losses, tc 
maintain voltage within an acceptable range, and also to 
provide a means of load reduction. Thus, inputs to the 
distribution volt-VAR control are DDC operator, EMS load 
management system, and EMS power system volt/VAR dispatch. 
The output control actions for the DSGs would be via the 
DSG command and control function. 

• The loud control including restoration function provides 
the logic, indication and (when fully implemented) the 
means of switching selected loads at the customer level 
to reduce overall distribution system load levels, and/or 
to request DSG power output changes to alleviate local 
overload conditions. This function can also be called 
upon to assist in an EMS system-wide load reduction ac- 
tion. Inputs to this function are provided by the DDC 
operator, EMS load management system, and the security 
assessment function. Outputs are displays to DDC opera- 
tor, commands to customer load switches via appropriate 
distribution automation, communication and control equip- 
ment, and requests to the DSG scheduling and automatic 
generation control functions. 
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• Distribution security assessment and control determines 
the relative ability of the distribution system to supply 
the anticipated loads without exceeding the capabilities 
of any equipment or circuits. In addition, tnis function 
also includes examination of possible contingency situa- 
tions in order to anticipate overloads which would occur 
in the event of outages (planned or unplanned) . With 
this security assessment information, preventative actions 
such as modifying DSG power schedules can be incorporated 
in DDC operating strategies. Inputs to this function are 
system equipment and circuit status and loading conditions, 
load forecasts, and planned maintenance schedules. Out- 
puts would be operator displays/records and inputs to the 
DSO scheduling and mode control function. 

In addition to the individual function requirements that are 
described in the material that follows, it is important to note that 
there is a significant definition effort needed to integrate the 
hardware, the software, and the man-machine interface at the DDC. 

As an example, the DSG scheduling and mode control function can 
be illustrated. To be most effective it will be necessary to: 

• Acquire, organize and store data 

• Perform logic and decision making involving: 

- EMS needs and requirements 

- loads to be served 

- energy potentially available from DSGs 

- economics of DSG energy production 

• Provide operator information 

• Carry out results of logic decisions 

This is only one of the many functions and, in addition to 
organizing its operation, it must also be coordinated and integrated 
with the remaining functions. It is recognized that data base and 
information processing needs will differ from one distribution DSG 
system to another but there will be common elements present in most 
DDC-DSG system designs. 

Thus, an important continuing effort to define the integration 
of hardware, software, and man-machine interface should be under- 
taken. This effort would define, conceptualize, and categorize the 
possible scenarios and equipment configurations for a distribution 
system with various forms of DSGs, load control system, and distri- 
bution automation, all operating together in a coordinated fashion. 

8 . 2 . 1 FUNCTIONAL NAME: DSG COMMAND AND CONTROL 

Functional Description 

The DSG command and control function is performed at the dis- 
tribution dispatch center level and it coordinates and initiates 
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commands and control actions to DSGs. Thus "system level" functions, 
requiring command or control action to DSGs, work through the DSG 
commands and control function. DDC functions are expected to be in- 
terposed between EMS functions and DSG command and control actions 
to permit DDC-level priorities and requirements to be recognized and 
incorporated . 

From the DDC to DSG level, two approaches to DSG control and 
monitoring have been presented. These are identified as "central- 
ized" and "decentralized" system configurations. In the centralized 
configuration, the DDC communicates directly with the DSGs. In the 
decentralized configuration, there is an intermediate control and 
monitoring level at the distribution substation which is called a 
distribution automation control (DAC) system. These configurations 
have been described in Section 6 of this report. Block diagrams of 
the DSG commands and control function as it interrelated to EMS, 

DDC, DACs, and DSGs are shown in Figure 8.2-1 for centralized con- 
trol and Figure 8.2-2 for decentralized control configurations. 

In addition to command and control requests initiated by the 
DDC for automatic response by directly controlled DSGs, other ar- 
rangements are also possible. Some DSGs may be customer-omed and 
of various sizes. Customer-owned DSGs will usually be unati the 
discretionary control of the owner and will be operated primarily 
for his benefit. However, even thouqh the DSG is directed by local 
control, it may be desirable for DDC functions, through the DDC com- 
mand and control function, to inform the local DSG when additional 
generation is needed by the utility and to indicate the value of 
energy delivered at that time. 

Input or Processed Data 

Direct inputs to the DSG commands and control function are: 

• DSG scheduling mode control 

• DSG automatic generation control 

• Distribution volt/VAR control 

These three primary input functions are in turn influenced by EMS 
functions, DDC automatic functions, and DDC operator actions, as 
shown in the block diagrams of Figures 8.2-1 and 8.2-2. 

Output Control and Data 

Command and control action requests to DSG units or plants are 
forwarded through and by the DDC information processing function 
which organizes all control and data flow to and from other DDC 
functions and to and from the DSGs. From the information process- 
ing function, the command and control action requests are trans- 
mitted to the DSGs via the SCADA and communication functions as 
shown in the block diagram of Figures 8.2-1 and 8.2-2. 
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Interaction with Other Functions 


The interactions with other functions are shown in the block 
diagram of Figure 8.2-1. Primary interactions take place with? 

• DSG scheduling and mode control 
e DSG automatic generation control 
e Distribution volt/VAR control 
e Information processing 

Secondary interactions are shown, relative to each of the primary 
interactions listed above, in Figure 8.2-1. 

Special Requirements 

There will be a need to coordinate the generation from the many 
unmanned DSGs located within the distribution system with the load 
neids of the distribution network. In addition, the needs of the 
energy management system must be recognized. It is highly important 
that a proper man-machine interface be provided which combines the 
command and control function with the display and recording func- 
tional needs, as well as those for information processing and per- 
sonnel safety. The hardware and software to accomplish these inter- 
dependent tasks represents new equipments and functions not presently 
used in most electric utility distribution dispatch centers. 

8.2.2 FUNCTIONAL NAME: DISPLAY AND RECORDING 

Functional Description 

The display and recording function pertains to DDC control 
center operation and distribution system operation information. 

The relationship of this function to other functions is shown in 
Figure 8.2-1. 

The DSG information pertinent to the distribution system (con- 
trol, operation, maintenance, personnel safety and record keeping) 
will be monitored. Depending on the DSG type, size, SCADA and com- 
munication facilities, and degree of automatic control and monitor- 
ing, this monitoring function may be either automatic, manual, or 
a combination of these methods. Generally, it is anticipated that 
the medium and large DSGs would be provided with automatic monitor- 
ing. For these DSG plants, automatic transmission of selected mea- 
surements, metering, status, and derived information (i.e., DSG 
diagnostics) via a communication system is desirable. For small 
DSGs under DDC control and monitoring, considerably less informa- 
tion is required than for medium or large DSGs. For customer-owned 
DSGs, especially small ones, the display or recording of monitored 
data may represent the principal extent of DDC-DSG integration. 


At the control center, the information processing function 
will assimilate the data pertaining to DSGs and store and/or dis- 
tribute it to the appropriate display, recording and control 
subfunctions. 

For medium and large utilities, with either an appreciable 
number of DSGs or with large DSG(s) , it is anticipated that the 
DDC will bo equipped with a computer directed control system. 
Associated with this would be CRT displays for DSG data and status. 

With a large number of DSGs, automatic monitoring of DSG data 
for abnormal and emergency conditions will be performed, and auto- 
matic displays to operators will be those that are identified as 
"exceptions." This information may be determined at the DSG and 
transmitted to the control center, or it may be determined by con- 
trol center logic which compares DSG and distribution system data 
anu status. Thus the operator is not burdened with large volumes 
of normal data and status, and he will know that any automatic 
display presented to him is important. The operator, however, 
will be provided with the capability to "call up" any stored DSG 
data which he may require. 

Records are kept in various forms. They may be retained in 
active storage, in background storage or on magnetic tape for 
longer time storage. This permits ready access and minimal physi- 
cal space. Printed records are required for a number of operations, 
for billing, anil for company and governmental reporting functions. 
These "hard copy" records are produced by on-line data loggers (for 
operating and maintenance personnel) and/or off-line batch process 
printers (for accounting, billing, and company and governmental 
operations information reports). 

Input or Proc e ssed Data 


It is noted that many different types of actual and derived 
data will be provided for display and recording. Depending on 
the uses to be made of the displays and records, many preformatted 
inputs will have to be combined with current data to clearly pre- 
sent the desired information from DSG, bDC, and EMS inputs to the 
DDC operator. 

Co ntrol Output and Data 

• CRT and/or lighted mapboard displays 

• Magnetic tape records 

• Hard copy: 

- Operator/maintenance logs 

- Financial/energy billing data 

- Company and governmental operations information 
reports . 
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Interaction with Other Functions 


Display and Recording will interact directly with the follow- 
ing functions: 

• Information processing 

• DDC operator 

Indirectly, the display and recording function interacts with 
practically all of the other DDC functions. 

Special Requirements 

Those will be dependent on the distribution DSG system, EMS 
and SCADA hierarchy and hardware, and DSG types and quantities. 

A series of specific displays and record formats should be 
drawn up for presentation of information to and entering of infor- 
mation by the DDC operators. This is especially important for 
clearly presenting DSG and distribution state conditions and DSG 
operating modes. Consistent ami clear input procedures and formats 
are also important to make the DDC equipment easy to use. Develop- 
ment of display, record and input formats and procedures, and record 
storage formats and media should be given consideration. 

8.2.3 FUNCTIONAL NAME: DSG SCHEDULING AND MODE CONTROL 

Functional Descriptio n 

The DSG real-power scheduling is the preass iqnment of the DSG 
operating condition (mode) and the power output level according to 
a plan based on a determination of both the power system and DSG 
conditions, and also the forecasted load. DSG real power schedul- 
ing is a subset of the overall power system real power scheduling 
function. DSG units and/or plants may be scheduled for several 
different time periods. These periods and their associated pur- 
poses are listed in Table 8.2. 3-1. The relationship of DSG sched- 
uling to other related functions is shown in Figure 8. 1.2-1. 

DSG unit and plant real power schedules will be influenced by 
power system: 

• Economics of power/energy production 

• Load 

• Weather 

• Security constraints 

• Environmental constraints 

• Maintenance schedules (bulk power and distribution sys- 
tems/equipment ) 

• Operating state of power system 
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Table 8. 2. 3-1 


DSG SCHEDULE PERIODS VERSUS PURPOSE 


DSG Schedule 
Period 


Purpose of Function 


Minutes 

(1 to 5 minutes) 


automatic generation control 
(AGC) on-line economic dispatch 
and system security 


Daily 

(24 hourly intervals) 

Weekly 
(7 days) 


unit committment for economics, 
meeting system load and system 
security 


Monthly 
(30 days) 

Year ly 

(52 weeks or 12 months) 


maintenance scheduling 


DSG schedules are also directly influenced by the character- 
istics of the DSG primary energy source and the availability of 
the DSG. Short range scheduling assumes the power system will be 
in a "normal" state. When other states occur, revised schedules 
are required. 

DSG real power scheduling may be performed at the bulk power 
system (EMS) level, the distribution dispatch level, or assigned 
to the individual DSG. The lower the level of scheduling responsi- 
bility, the more limiting are the input conditions/data included in 
the scheduling logic. The largest benefits are to be expected when 
the scheduling responsibility is assigned to the higher levels. 

The assignment of the real power scheduling responsibilities 
among the EMS, DDC and DSGs on a specific utility will be influenced 
by the generation scheduling philosophy, power system control hier- 
archy and the number, size and types of DSGs on the distribution 
system. 

DSG scheduling and mode control is a complex function which 
may be accomplished by a number of philosophical and computational 
approaches. These vary both in method of determining optimum 
scheduling and where the computations are executed. It is con- 
sidered fundamental, however, that the EMS retain overall power 
system veneration scheduling responsibility and that with appre- 
ciable numbers of DSGs to be scheduled, the optimizing operations 
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for DSGs be performed at the DDC level or below. Thue, epecific 
performance and coat Information for individual DSG scheduling 
will not be a concern of the EMS. The exception would be DSGs 
considered large enough or important enough to power system oper- 
ation to be retained under EMS responsibility . In this case, in- 
formation may "pass through" the DDC but may not be part of its 
DDC-DSG optimisation responsibility. 

The EMS will thus require that each DDC assimilate DSG and 
distribution system characteristics, energy and scheduling capa- 
bilities, load forecasts and DSG status so that "equivalent" DSGs 
may be derived which represent the aggregate of all DSGs within 
the DDC responsibility. Bulk generation scheduling at the EMS 
will thus treat a DDC's equivalent (aggregate) DSG generators as 
bulk generation. 

The responsibility of delegating individual DSG scheduling 
thus resides with the DDC. From the DDC to DSG, scheduling and 
contioi philosophy elected by DSG affects where the final indivi- 
dual DSG schedule is computed. There are two options: first, a 

centralized approach where the DDC optimizes the individual DSG 
schedules and transmits this information to the individual DSGs. 
Second, a decentralized approach where the power level or economic 
(energy value) information is transmitted to the individual DSGs 
and they optimize their own output to match the basic conditions 
determined by the DDC. As stated above, this is a relatively com- 
plex matter and is an area which should be considered for further 
investigations . 

Input or Processed Data 

Power System Data: 

e Economic data (fuel, purchased power costs, operating 
and maintenance costs) 

e Power system conditions (generation and transmission 
equipment/facilities in or out of service) 

e Energy resource availability 

e Weather forecasts 

e Load forecasts (including intertie power flow agreements) 
e Environmental constraints 
e Security constraints 

e Maintenance schedules (of generation, transmission, and 
distribution facilities) 

DSG Unit/Plant Data: 

All items of "Power System Data" listed above, specific to DSG 
unit/plant, except load forecasts and security constraints. 
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Controlled Output and Data 


If the DSG's energy resource availability and characteristic# 
permit DSG scheduling, preplanned DSG hourly/daily, and weekly/ 
monthly operating schedules will be prepared. If DSG is not 
"schedulable" on an hourly/daily basis, a set of operating rules 
and criteria f.re established for this type of DSG and used in the 
manual (or automatic) DSG unit/plant control logic. Depending on 
the degree of power system and DSG automatic control and data pro- 
cessing implemented on a power system, the hourly/daily and weekly/ 
monthly DSG real power schedules may be in the form of printed tab- 
ulations and/or stored data at one, two, or all of the following: 

e Bulk power system, energy management center 
e Distribution dispatch center 
e DSG 

Thus (DSG Schedule) output data is produced for DDC operators and 
(if applicable) automatic preprogrammed implementation by DDC and/or 
DSG control computers. 

Printed or stored data is arranged in tabular form and is 
listed in the appropriate period segments of scheduled power out- 
put (or absorption) in MW values. These tabulations are for daily, 
weekly, monthly, and yearly schedules, as identified in Table 8.2. 3-1. 
The "schedules" or economic dispatch information for the "minutes" 
period are usually determined by the EMS and DDC Automatic Generation 
Control logic, anti "On-Line" power control commands or information 
is automatically transmitted to DSGs at the beginning of each eco- 
nomic dispatch period. 

Interaction with Other Functions 


The function of DSG scheduling and mode control will interact 
directly with the following functions: 

• EMS power system generation scheduling 

• DDC operator 

• DSG command and control (DDC) 

• Personnel safety 

• Information processing 

• Load control including restoration 

• Security assessment and control 

• Automatic generation control 
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Special Requirements 


DSG ownership will affect the availability for scheduling DSC. 
real power output. Scheduling of solely (utility) gwned DSGs is 
constrained only by physical, electrical, environmental, security, 
and economic considerations. Scheduling of jointly owned plants 
(i.e., utility and private joint-ownership of a cogeneration plant) 
may be constrained by contractual agreements and plant design. 

Scheduling of privately owned DSGs by the utility is not nor- 
mally to be expected since the scheduling will be done by, and for, 
the maximum benefit and convenience of the owner. If a privately 
owned cogeneration plant has or foresees excess power capacity as- 
sociated with a desirable level of process activity, contractual 
arrangements will have usually foreseen this possibility and pro- 
vided the basis for scheduling and selling such surplus to the 
utility. However, this generally precludes "cost of power" opti- 
mization and in the future, on-time control methods similar to 
economic dispatch functions used for utility owned generation may 
be developed for privately owned DSGs. 

Preliminary analysis of some of the key issues associated with 
the economic scheduling of many small DSGs located within an elec- 
tric utility power system which has as its principal power source 
large centralized units has produced a number of interesting re- 
sults. A brief summar" of the salient points observed are as follows 

• The uncertainties associated with local weather variation 
patterns (microweathor ) * on small solar and wind units 
can be ignored at the EMS level independent of the number 
of units. For a few units there is little power involved, 
and for a large number of units the uncertainties tend to 
average out . 

• The effect of global variation in macroweather** patterns 
on solar and wind units car, be important at the EMS level 
unless the number of units is small or the macroweather 
cannot be forecast reasonably well at least a few hours 
ahead . 

• Highly accurate scheduling of individual small DSGs does 
not appear to be required at the EMS level. The amount 
of power generated by each DSG tends to be small compared 
with that of the central generating units, and the uncer- 
tainties associated with the local variations in weather 
make accurate scheduling of small DSGs more costly than 
it is worth. 

• In the event that the DSG is customer-owned, the effec- 
tiveness of the utility's ability to schedule the DSG 
will be limited by the nature of the contractual agree- 

*Microweather : five minute local weather variations 

**Macroweather : passage of overall weather fronts and air masses 

which should be known at least a f ew hours in advance 
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ment between the utility and the customer as well as by 
the extenc of the inherent schedulability of the DSG. 

When the customer retains the right to schedule its DSG, 
the DSG will appear to be an uncontrollable negative load 
and will not be as useful to the utility as if the DSG 
were utility-scheduled. 

e Scheduling research problems could be important if there 
is a major penetration of solar and/or wind units. How- 
ever, such scheduling efforts could build on the well- 
established methodologies and techniques which exist in 
this field. 

e Further efforts are needed to arrive at better defined 
methods for performing the on-line and off-1 - ' ne schedul- 
ing operations. 

8.2.4 FUNCTIONAL NAME; DISTRIBUHON VOLT/VAR CONTROL 
Functional Description 

Generation by DSGs can influence distribution system voltage 
levels and VAR flow as well as the losses on the utilities bulk 
power transmission and generation system. Within the framework 
of distribution volt-VAR control is the functional requirement re- 
garding the proper contribution to be made by the DSG sources to 
the overall voltage and VAR requirements of the utility system. 

Steady-state voltage is controlled on distribution systems in 
a number of ways. In general, three classes of equipment may be 
used on a power system to maintain voltage levels. These classes 
and the types of equipment in each class are as follows: 

• Source voltage control 

- generating station bus voltage control 

• Voltage ratio control 

- load tap changing transformers 

- induction voltage regulators 

- step voltage regulators 

• Kilovar control 

- synchronous condensers 

- switched capacitors 

Traditionally, voltage ratio control and kJ lovar control have 
been used on distribution systems, and generating station bus volt- 
age control has been associated with the bulk generation-transmission 
system. Until significant DSG capacity penetration on any particu- 
lar or general part of a distribution system is reached, voltage 
ratio control and kilovar control will continue to be the primary 
means of distribution voltage control. However, certain types of 
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DSGs inherently or by DSG system design can contribute to voltage 
control on the distribution system. These relationships are shown 
on Figure 8.2-1. 

At the distribution substation, the substation secondary volt- 
age may be automatically regulated by using transformers equipped 
with tap changers which operate under load (LTC) , by regulators 
and/or capacitors that maintain the desired voltage level on the 
substation secondary bus, or by separate regulators for each feeder. 
Substation LTC transformers or bus regulators may be used when all 
feeders connected to a transformer have similar load and voltage 
drop characteristics. Where feeders differ in these characteristics, 
separate regulators may be used in a substation for each feeder, 
or supplementary regulation may be provided along the feeder route 
by means of line voltage regulators or switched shunt capacitors. 

Voltage regulating devices are designed to maintain automat- 
ically a predetermined level of voltage that usually varies with 
the load. As the load increases, the regulating devices raise the 
voltage at the substation to compensate for the increased voltage 
drop in the distribution feeder. In cases where customers are 
located long distances from the substation or where voltage drop 
along the primary feeder circuit is high, additional regulators 
or capacitors at selected points in the line provide supplementary 
regulation. 

Use is made of shunt capacitors in substations and on primary 
feeder circuits for the dual purpose of improving power factor and 
regulating voltage. Many of these installations have sophisticated 
controls designed to tulfill either or both purposes by automatic 
switching . 

The addition of certain types of DSG units provides another 
means of controlling voltage or KVAR. If, for example, the DSG 
is a synchronous machine, then a means exists to use the reactive 
capability to affect the DSG-distribution system interface voltage 
and supply or absorb VARs. Induction generators, on the other hand, 
absorb VARs from the system and do not provide a means of VAR con- 
trol. Their application (to date) has included wind generators as 
well as small hydro units. Small, inexpensive dc/ac inverters also 
have been shown to have poor power factors and require VARs from 
the power system. These, therefore, would not assist in voltage 
control. 

The DSG volt-VAR scheduling would be done at the DDC level. 

Some larger DSGs might be scheduled from the EMS, depending on 
th. , r location in the power system For example, if a large DSG 
were located at or near a bulk pov* substation it would be logi- 
cal that the EMS would control the o .tage/VAR supply of the DSG. 

Three distribution system operating states and control prior- 
ities can be identified as shown in Table 8. 2. 4-1. For normal 
system conditions, the control of voltage may have first priority; 
control of VARs, second priority; and minimizing losses in the 
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distribution system, the lowest priority. Under an emergency con- 
dition, such as 3 oss of a major transmission line or generating 
plant, the top priority may be to provide system VAR support by 
means of feeder and substation switched capacitors. 

Operational priorities of the volt-VAR control can be deter- 
mined by weighting factors used in the control algorithm. 


Table 8. 2. 4-1 


OPERATING PRIORITIES VERSUS OPERATING STATE 


' ■ L _ ■] 

Controlled Quantity 

Normal 

Operating 

Abnormal 

State** 

Emergency 

Voltage 

1 

* 

* 

VARs 

2 

* 

* 

Losses 

3 

* 

! 

t 

* 


*Operation priority of each controlled quantity to be 

preset for each operating mode. 

**Determined by DDC. 

Input or Processed Data 

To accomplish voltage control requires the measurement of 
line voltage. VAR control can require measurement of voltage, 
current or VARs. 

The addition of controllable DSG units would require similar 
measurements being made for volt-VAR control. In addition, the 
status and operating mode of the DSG units .is required, along with 
the status of the DSG main breaker. 

Depending on the control logic devised, some of the following 
inputs would be required: 

• Indication of operating priority to DDC 

• Voltage setpoint and bandwidth of DSGs 

• Status of substation and feeder capacitor banks 

• Status of DSG dc/ac power conversion capacitor banks 

• Status of LTC and voltage regulators 

• Time delay for LTC and voltage regulators 

• Feeder and substation KVAR limits 
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Output Control and Data 

Aspects of output control relevant to DSG coordination: 

• Control of the DSG synchronous generator excitation 
subsystem to control reactive power (VARs) , and voltage 

• Control of switched capacitors associated with line com- 
mutated dc/ac power conversion DSGs 

• Control of voltage and/or reactive power flow of forced 
commutated inverter equipped dc/ac power conversion DSGs 

Interaction with Other Functions 

As shown in Figure 8.2-1, the volt-VAR control interacts di- 
rectly with the following functions: 

• DDC operator inputs 

• EMS power system volt-VAR dispatch 

• EMS load management system 

• DSG command and control 

The volt-VAR control interacts indirectly with the following 
functions : 


• Distribution SCADA 

• Instrumentation 

• Load control including restoration 
Special Requirements 

With a customer-owned DSG, the utility and customer have to 
coordinate a mutually acceptable owner supervised VAR and voltage 
schedule, or an agreement permitting the utility to exercise con- 
trol over the DSG volt-VAR capabilities. 

With significant penetration of DSG sources, it will become 
increasingly desirable to coordinate distribution volt-V/.R control 
with the EMS level bulk power system volt-VAR dispatch function as 
shown on Figure 8.2-1. 

8. 2 . 5 FUNCTIONAL NAME: LOAD CONTROL INCLUDING RESTOR; TION 

Functional Description 

In a distribution system directed by a DDC distribution auto- 
mation system the load coitrol function would provide a means of 
reducing an area load by disconnecting selected loads or alleviating 
distribution circuit overload by increasing DSG output. These 
actions would be in response t* - ' the DDC or the EMS monitoring and 
control requirements. 
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Load control, used in conjunction with DSGs, serves to reduce 
peak demands and shift loads from peak periods to off-peak periods. 
This may also reduce maximum load on a given feeder. Control com- 
mands drop specified loads (water heaters, air conditioners, elec- 
tric space heating, and so forth) for a preset time interval. 

These commands are generated at the DDC or EMS. 

The presence of DSGs on the distribution system offers a 
means of reducing loading on feeder sections or at the substation. 
This might be required under overload conditions brought about by 
equipment failure or circuit reconfiguration. 

Another aspect of load control and restoration function in- 
volves faulted distribution feeder circuits. After a fault is 
isolated, service can be restored to nonfaulted sections through 
automatic twitching and resynchronizing of the DSGs, provided that 
the DSGs are on the nonfaulted section of the feeder. If nonfaulted 
feeder sections become isolated from the distribution system, but 
there are DSGs connected to them which can operate under isolated 
conditions, then service restoration can be accomplished to those 
sections by synchronizing the available DSGs and coordinating with 
the load control function as required to balance load and available 
generating capacity. 

It is important that the load control including restoration 
function be properly coordinated with the personnel safety function. 
Under conditions of an isolated portion of the distribution system 
served by the local DSGs, it is important to have an indication of 
the DSG operating mode or voltage in that area to prevent injury 
to maintenance personnel. 

Power system loads can also be affected by voltage control. 

This technique has been used, for example, to reduce the total 
system load when generation shortages exist. Vnus , the load con- 
trol function can interact with the distribution volt-VAR control 
function. 

Input or Processed Data 

Input data relevant to DSG coordination: 

• Indication of overload on distribution circuits or equip- 
ment 

• Commands from EMS to initiate load control 

• Status availability of DSG and scheduling requirements 

Output Control and Data 

Output data relevant to DSG coordination: 

• Switch control signals to portions of customer's load, 
e.g., electric water heater or air conditioner 
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• Adjusting DSG power output to alleviate distribution 
overloads 

Interaction With Other Functions 


As shown in Figure 8.2-1 this function directly interacts with 
the following functions; 

• DDC operator 

• EMS load management system 

• Security assessment 

• DSG scheduling and node control 

• Distribution automation system (customer load switching) 

This function interacts indirectly with the following functions: 

• DSG command and control 

• Volt-VAR control 

• Distribution SCADA 

• Communications 

• Instrumentation 

Special Requirements 

Customer load control requires communication to user loads, 
interface (auxiliary equipment switches), and load control units. 
These communication and control means are not normally considered 
to be part of the distribution DSG system. 

The load control function will interact with the EMS load 
management control center and therefore require coordination and 
integration. 

Special attention and study are needed for operations involv- 
ing isolated DSGs or portions of distribution systems which have 
been disconnected fren the normal utility power supply source. 

8.2.6 FUNCTIONAL NAME: AUTOMATIC GENERATION CONTROL 

Functional Description 

Automatic generation control (AGC) is any area supplementary 
control that automatically adjusts the power output levels cf elec- 
tric generators within a control area, which is usually an entire 
electric utility system. Automatic generation control schemes 
usually include one or more subsystems (or subfunctions) such as 
load frequency control, economic dispatch control, environmental 
dispatch control, security dispatch control, and like functions. 
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Schedulable types of DSGs that can be scheduled like hydro 
with storage, batteries, or fuel cells are candidates for partic- 
ipation in AGC. Some intermittent sources, like wind turbines, 
would not be good choices for AGC. 

AGC for an entire power system has traditionally been per- 
formed at the EMS level. With the addition of DSGs that may be 
scheduled and automatically controlled, the overall power system 
AGC responsibility would remain with the EMS; but AGC for specific 
DSGs would be assigned to DDCs. This relationship is illustrated 
in Figure 8.2-1, The impact on the DDC is that it would be re- 
quired to allocate its assigned AGC requirement among the individ- 
ual DSGs or pass AGC signals through to some of the large DSGs on 
behalf of the EMS. 

AGC is directly related to DSG scheduling, because economic 
dispatch is a form of generation scheduling on a short-time basis. 
This relationship was described in Section 8.2.3 and is shown in 
Figure 8.2-1. 

In addition to using schedulable DSG generation sources to 
optimize overall power systems generation production costs, DSGs 
with controllable energy resources may also participate in the 
power system load-frequency control function. Thus, DSGs may 
supplement bulk generation in performing power system frequency 
and intertie regulation. 

Input or Processed Data 

The DDC receives aggregate DSG power generation requirements 
from the EMS and power generation economics data where DDC has 
responsibility for DSG economic dispatch. 

MW output values of DSGs are under AGC control, if economic 
dispatch is performed at DDC for individual DSGs. 

Output Control and Data 

The output from DDC to DSGs for AGC purposes may be in dif- 
ferent forms depending o.i AGC control philosophies. Examples 
could be. (1) raise and lower signals, (2) desired power level 
requirement information, or (3) economic production cost informa- 
tion if DSG economic dispatch logic function is located at DSGs. 

Interaction With Other Functions 


The AGC function interacts directly with the following functions 

• EMS power system AoC 

• DSG command and control 

• DDC operator for override control 

• DSG scheduling 
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The AGC function interacts indirectly with the following 
functions: 

• Load control including restoration 

• Distribution SCADA 

• DSG power control 

• Instrumentation 

Special Requirements 

If high-capacity penetration of nonschedulable DSGs is real- 
ized on a power system, the requirement for closer control of 
existing central (non-DSG) generation units is highly desirable. 

This may require changes in the ceattalized generating plants, or 
fine tuning of boiler controls. 

If DSGs are to operate within DDC areas in an "island" con- 
figuration, special requirements will be placed on the DDC. The 
DDC would have the responsibility for maintaining the frequency 
and voltage levels for these islands within acceptable tolerances. 
This is a complex problem that needs examination, analysis, and 
direction. There are major distribution system monitoring, control, 
communication, and operating considerations if islands of any appre- 
ciable size are to be temporarily self-sufficient generation- 
distribution- load entities. 

8 . 2 . 7 FUNCTIONAL NAME: SECURITY ASSESSMENT AND CONTROL 

Functional Description 

The security assessment and control function is a reliability 
evaluation means of trying to keep the distribution system in a 
normal state; i.e., all customer and interconnection demands are 
met, no apparatus or line is overloaded, and jhe consequences of 
an unexpected contingency are minimal. If the system departs from 
the normal state for any reason, the object is to restore it in an 
acceptable period of time. 

The security of the distribution system may be assessed and 
controlled at the DDC through one or more degrees of automation. 

Each of these is a more progressively sophisticated level that 
builds upon the underlying functions. In ascending order of com- 
plexity, security assessment and control would consist of: 

• Status monitor and display 

• Contingency evaluation 

• Corrective strategy formulation 

• Automatic control 

At the first level, the operator receives information on the 
status of the distribution system and manually makes assessments 
and decisions and takes necessary control action. In the second 
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step, the computer predict* the effect of contingencies and planned 
outages and alerts the operator to potential troubles. The oper- 
ator then analyzes the problem, determines corrective action, and 
initiates appropriate control. In the third step, the computer 
formulates corrective strategies. At this step, the DDC would 
indicate the chosen strategy to the operator, who would, upon 
acceptance, initiate appropriate control actions. In the final 
step, the DDC, through the communication network, would execute 
automatically the formulated strategies. 

DSGs can contribute to the overall system security as a source 
of available generation that may be able to serve the ' stribution 
It is important, then, to determine what state ear’ trollable 
DSG is in, viz, normal, abnormal, emergency, or . ^pciutive. If 
the power system is in the alert state, a schedulable DSG can be 
used to reduce potential overloads. For example, if a substation 
transformer is at its peak load, a DSG on the secondary bus or on 
one of its feeders can be used to reduce the likelihood of exceed- 
ing that limit, provided it can be called upon to produce more 
power output. 

The DSG operating state will have an impact on system security. 
For example, whether the DSG is in the normal, abnormal, emergency, 
or inoperative state will determine how much the DSG can contribute 
to the overall system security. In addition, the DSG operating 
mode (on, off, standby) is another consideration for distribution 
system security assessment, because some DSGs will require longer 
startup times (up to several hours) than others and thus not be 
immediately available for service. Some types may be brought on 
line in a matter of minutes. 

Input or Processed Data 

• Major distribution substation, feeder, and subtransmission 

• Power flow information 

• Electrical and thermal limits for substations, feeders, 
and subfcransmission lines 

• Overload alarms 

• Equipment temperature alarms 

• Status of DSGs (mode and state) 

• Load projections 

Output Control and Data 

• DDC control to feeder switches and breakers 

• Load control 

• DSG schedule requirements 
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Interaction With Other Function* 


Security assessment and control, as shown in Figure 8.2-1 
directly interacts with the following functions: 

e DSG scheduling and mode control 
e Information processing 
e Load control, including restoration 

Security assessment interacts indirectly with: 

e DSG command and control 
e Display and recording 
e Distribution volt/VAR control 

* Distribution SCADA 

• Instrumentation 

Special Requirements 

The security assessment and control function in its fully 
implemented form as described above has not been implemented on 
an electric utility distribution system. After higher priority 
DDC control and monitoring functions have been satisfied, develop- 
ment woik on this subject will be required. 


8.3 POWER FLOW AND QUALITY REQUIREMENTS 


The power flow and quality requirement* relate to the local 
DSG function* involved in quantity and quality of the service pro- 
vided by the DSG. Because power flow and quality may be remotely 
controlled by the DDC and involves the DSG process, it is impor- 
tant that these functions and processes be mutually understood 
by DSG, DDC, and distribution system designers and engineers. In- 
cluded in this power flow and quality category are the following 
subfunctions : 

• DSG power control 

• DSG voltage control 

• Harmonic control 

• Instrumentation 

The DSG power control subfunction is concerned with the local 
control of the magnitude of real power delivered by a DSG to the 
power distribution system. This may directly or indirectly in- 
volve the control of other DSG subsystem controls and auxiliary 
functions that are required to produce the desired DSG output. 

The DSG power control will receive information from the DDC or 
from local DSG operational requirements that will provide the de- 
sired power reference signal. 

The DSG voltage control is a local DSG function that helps 
support the distribution, system voltage in the immediate area 
where the DSG is located. It is interrelated with the DSG power 
control function. 

Harmonic control functional requirements of a DSG identify 
permissable voltage and current wave harmonic content introduced 
by a DSG and its associated equipment. These harmonics must be 
limited because they produce unwanted heating in power equipment 
and/or undesirable electromagnetic interference with communications 
and electronics equipments. As presently envisioned, harmonic 
control is one of the design requirements for a DSG and its dis- 
tribution system application rather than an on-line control function. 

Instrumentation is required to measure the actual DSG condi- 
tions, performance, and output and to condition the information for 
local use and transmission to the DDC. Because this instrumentation 
provides the basic inputs for DDC functions, it is desirable to be 
able to identify the instrumentation requirements as soon as con- 
veniently possible in the design cycle. Figure 8.3-1 provides a 
simplified overview and relation of the power flow and quality 
functions to the DDC-DSG overall control and DSG plant functions. 
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ATCH 



Flow and Quality Functional Relationships 






8.3.1 FUNCTIONAL NAME: DSG POWER CONTROL 


Functional Description 

DSG power control involve! local DSG control of the DSG real 
power (watt) output, while the DSG is connected to the utility 
power distribution system.* The DSG power output (generating), or 
absorption (storing) , will be controlled or influenced by one or a 
combination of the following; 

• A DDC control center employing DSG scheduling and/or 

automatic generation control (AGC) functions 

e Local DSG plant or unit control decision logic based on 

- DSG state 

- Power s^ntem state 

- DSG energy source availability and characteristics 

- Process heat/electricity requirements (for congen- 
eration plant) 

e Local operator's decisions 

- Owner's decisions (private party ownership/operation) 

- Utility opera -or (testing and maintenance) 

The hierarchal relationship of these control factors to the 
major control elements are shown in Figure 8.3-). Control Center 
scheduling or AGC decisions and actions take place at the DDC 
level; the local DSG and owner's decisions and actions take place 
at the DSG plant or unit level. 

The decisions and actions listed above are ultimately car- 
ried out by either manual or automatic control action through or 
by the DSG master control acting on the DSG power control subsys- 
tem. The DSG master control/DSG power control can range from 
simple to complex depending on the type and size of DSG. 

Input or Processed Data 

Depending on the primary responsibility assignment for, or 
origin of, DSG power control, the input data could involve; 

• DDC direction of DSG power 

A. Automatic generation control (AGC) function, in- 
cluding economic dispatch and oossibly load-fre- 
quency control requirements. This information is 
transmitted and received via distribution SCADA, 
or simplified equivalent, and communication link(s). 


*DSG operation, although it is electrically isolated from the power 
distribution system, is ^ separate subfunction (stand-alone capa- 
bility) that is described in the special DSG requirements category. 
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B. Separately defined and transmitted power sched- 
ule, (an alternate to A) , for daily/hourly load 

levels. 

e Local DSG power control: 

A. DSG state 

B. Power distribution system state 

C. DSG energy source availability and characteristics 

D. Preset schedule 

E. Process heat/electricity requirement 
e Local operator's decisions: 


A. 

Owner (private) 



B. 

Economic factors (cost 
elude on-line value of 
utility 

trade-offs, which 
power information 

may in- 
f rom 

C. 

Process factors (level 

of operations and 

schedule) 

D. 

Security factors 




e Utility operator: 

A. DSG and distribution systems 

B. Conditions 

C. Status 

Output Control and Data 

The controlled outputs and data for local DSG power control 
would follow this description: 

In the generic sense DSG power control will be provided in 
the form of signals or data by the DSG master control to the power 
control subsystem. The form of these signals or data will be de- 
pendent upon the specific type of DSG and its control system de- 
sign. The DSG power control subsystem in turn acts electrically, 
electromechanically , or electrohydraulically on the DSG power 
conversion system, subsystems, and auxiliaries. 

For DSGs controlled directly by the DDC with on-line closed- 
loop control (AGC) , DSG power output data would be transmitted 
from the DSG to the control center. If economic dispatch optimi- 
zation calculations ere decentralized and for the specific DSG 
are performed by the DSC master control logic (with appropriate 
DDC economic information inputs) , different information transfers 
would be involved than for DDC AGC closed-loop control. In either 
case, however, DSG characteristics and conditions would be needec 
by the DDC. Depending on the type and size of DSG, this informa- 
tion could be either simple manual DDC inputs or automatic DSG 
data outputs. 
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Interaction with Other Function* 


The local DSG power control function interact* directly with 
the following functions: 

• DSG master control 

• DSG power conversion 

• Instrumentation 

The local DSG power control interacts indirectly with the 
following functions: 

• DSG voltage control 

• DSG protection 

• DSG command and control-distribution SCADA-communi cation 

• DSG scheduling 

• Automatic generation control (AGC) 

• Load control and restoration 

Special Requirements 

The implementation will be affected by the bulk and distribu- 
tion power system control system hierarchy and architecture, real 
power control responsibility assignment and relationships, type of 
DSG, size of DSG, and DSG ownership. The interrelationships of 
these factors can have many variations and conditions. There are 
control philosphy, institutional, and regulatory aspects that affect 
DSG power control. This general subject requires further examina- 
tion and definition, some of which may have to await clarification 
of regulatory decisions presently being formulated. 

8 . 3 . 2 FUNCTIONAL NAME ; DSG VOLTAGE CONTROL 

Functional Description 

DSG voltage control is a local DSG function that helps sup- 
port distribution system voltage in the immediate area where the 
DSG is located. The voltage reference "signal" may originate at 
the DDC or locally at the DSG by manual or automatic means. Local 
DSG terminal voltage and/or distribution system voltage is required 
feedback for voltage control decisions. 

DSGs with synchronous generators, forced (self-) commutated 
dc/ac inverters, and line-commutated dc/ac inverters equipped with 
switched capacitors have tte ability to assist the DDC Volt/VAR 
control function described xn Section 8.2, Control and Monitoring 
Requirements. 


The DSG voltage control function i» identified on Figure 8.3-1. 
The type of voltage control subsystem will depend on the type of 
equipment employed by the DSG power conversion and/or power condi- 
tioning equipment. 

Synchronous generators are electromechanical rotating machines 
that have excitation systems to provide generator field current. 
Voltage control thus involves adjustment of the excitation system 
reference level for synchronous generators. There are limits to 
the level of excitation that can be applied to the synchronous 
generator that are interrelated with the power output level. The 
ex’citation affects the reactive volt ampere output or consumption 
as the generator excitation level is varied from "overexcited" to 
"underexcited" conditions respectively. The vector total of the 
real and reactive volt ampere output determines generator (I 2 R 
loss) heating, and thus its output capacity limitation. Excita- 
tion systems can incorporate various control logic such as main- 
taining terminal voltage, reactive volt amperes, or power factor 
(within machine capability) . This function can be used by the DDC 
Volt/VAR control function to affect distribution system voltage 
either locally or collectively if a large number of DSGs is 
installed . 

Solid-state (static) dc/ac inverters are of two basic types: 
forced commutated and line commutated. Forced commutated inverters 
are usually employed where "stand-alone" capability, that is the 
ability to operate independently from the main power distribution 
system, is required. For this capability, voltage control is re- 
quired that involves the adjustment of the reactive volt ampere 
output. To provide the capability for producing reactive power, 
internal cape.citance is required in the inverter design. The in- 
verter voltage control thus acts upon the formation of the ac out- 
put wave to achieve the desired level of voltage and/or VAR output. 
Thus, the forced commutated inverter has a relatively continuous 
control range capability limited by internal capacitance and thermal 
considerations of the inverter components. It is also important to 
note that the "raw" output voltage of forced commutated inverters 
has a "harmonic rich" wave form. This is highly undesirable, and 
appropriate harmonic filtering is usually required for this type of 
inverter to be acceptable on a distribution system or to normal 
distribution types of loads. This harmonic filtering involves the 
use of capacitors that also supply reactive volt amperes that are 
similar to shunt capacitor installations. 

Line-commutated dc/ac inverters are less complex than forced 
commutat d inverters, differing in that they depend upon the power 
system to cause commutation ar*-ion in the inverter. Thus, they do 
not need the internal capacitance of the forced commutated inverters. 
However, the line-commutated inverter cannot operate independently 
from the distribution system (it does not have "stand-alone" capa- 
bility) . Associated with line-commutated inverters are harmonic 
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filters that utili** capacitors that also act as shunt capacitors 
to supply VARs to tha distribution system. The amount of filtaring 
raquirad can vary with tha real powar output laval. Therefore, it 
may be necessary to switch the filter on or off by "section" if 
tha VAR output exceeds tha requirements of the distribution system 
in which the DSG is located. If additional volt/VAR support is 
required, switched shunt capacitors would also be utilised. Thus, 
line-commutated inverters may have volt/VAR control if their har- 
monic filters and/or shunt capacitors are configured in switchable 
arrangements. If they are not switchable, the power factor will 
vary with output, and relatively fixed VAR supply will be pro- 
vided as long as the DSG is connected to the energised distribu- 
tion system. 

Input or Processed Data 

Inputs to voltage regulator/excitation system include: 

e Local manual setpoint reference level for DSG terminal 
voltage regulation. 

e Voltage or VAR reference level signals from the DDC 
supplied to the voltage control subsystem via the DSG 
master control/information processing function. 

Output Control and Data 

Signals from the voltage regulator to the excitation, or volt- 
age control circuits, of the DSG regulate DSG terminal voltage 
and/or VAR output (or consumption) . 

Data of DSG terminal voltage or distribution system voltage 
would be required for either local DSG or remote DDC on-line volt/ 
VAR control. 

Interaction with Other Functions 


The voltage control function directly interacts with the fol- 
lowing functions: 

• DSG master control 

• DSG power control 

• DSG startup 

• Harmonics (static inverter with switchable filter banks) 

• Instrumentation 

• Protection: DSG 

• Stand-alone function 
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Ths voltage control function interact* lndirsctly with: 

• DDC volt -VAR control 

• DDC load control including restoration 

e Distribution SCADA/communication 

Special Requirements 

DSGs with voltage control capability offer the possibility of 
assisting distribution system voltage regulation. To make use of 
this capability for on-line control (rather than preset or simple 
timed-voltage schedule) would require voltage measurement and volt- 
age data to be transmitted to the DDC. The value (or worth) of 
this control must be evaluated with regard to derived benefits to 
determine whether this control function is justifiable. The slse, 
type, and number of DSGs; distribution system characteristics and 
needs; and definitive effects would need to be examined in evalu- 
ating whether implementation of DDC-DSG voltage control, was just- 
ifiable. This will tend to be sensitive to specific conditions 
and thus some effort to parametrically define the general cases 
would be desirable for guidance purposes to utility distribution 
DSG system planners. 

8.3.3 FUNCTIONAL NAME ; HARMONIC CONTROL 
Functional Description 

Harmonics on the distribution system are a source of additional 
heating to power equipment and a source of telephone and electronics 
interference. Harmonics could also adversely affect the operation 
of instrumentation and protective relays. Increased voltage regula- 
tion is another side effect of excessive harmonics. It is also pos- 
sible to develop very undesirable resonant voltage conditions, 
depending upon the circuit configuration and the particular order 
of harmonics present. Typical sources of harmonics include synchro- 
nous generators, static inverters, transformer exciting current, 
wye-connected loads, arc furnaces, and SCR drives. 

A DSG, therefore, is a potential source of harmonics. If the 
DSG is a synchronous machine, then the harmonic content of the volt- 
age wave may be limited in its inherent design characteristics by 
purchase specification standards, (ANSI C42 and C50) in terms of: 

• The maximum deviation of the voltage waveform from a 
pure sine wave and 

• The weighted average of all harmonics. These require- 
ments are intended to reflect the objectionable effect 
of inductive coupling at the harmonic frequency with 
telephone communication. 
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Where dc/ac inverters are employed, e.g., with battery stor- 
age, fuel cells, or photovoltaic generation, every attempt should 
be made to reduce the objectionable harmonics imposed on the dis- 
tribution system by the DSG. For the purpose of this study, the 
control of harmonics will be viewed as a DSG and distribution sys- 
tem design problem and should be resolved prior to the time of 
writing DSG system specifications. The control of DSG harmonics 
does not readily yield to corrective measurer of control or miti- 
gation taken after the fact. 

I nput or Processed Data 

DSG waveform harmonic content for a set of specific operating 
conditions must be specified in the DSG procurement specifications. 

Output Control and Data 

Where "external" harmonic filters are utilized in the DSG sys- 
tem power conditioning subsystem, there may be the need to control 
the degree of filtering if it adversely affects voltage levels as 
the power output level varies. 

Interaction with Other Functions 


Harmonic control can interact directly with the following 
functions : 

• DSG voltage control 

• Protection: DSG 

• Instrumentation 

• Communications 

Harmonic control can interact indirectly with the following 
function : 


• Distribution Volt-VAR control 
Special Requirements 

Where dc/ac inverters are used, reactive power requirements 
to be supplied from or to the power system should be carefully 
studied and specified as part of the DSG system. Switched shunt 
capacitor banks at the DSG location are a possible solution for 
reactive power supply requirements. The combined capacitance of 
the harmonic filters and the (power frequency) reactive volt ampere 
supply shunt capacitors should be coordinated and matched to the 
distribution volt/VAR control and harmonic control requirements. 
This sould be done in the design and application engineering phase 
of DSG definition. 
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8.3.4 FUNCTIONAL NAME: INSTRUMENTATION 


Functional Description 

The instrumentation function includes (1) the sensing and 
conversion of variable electrical and physical quantities to logic 
level analog or digital equivalents; (2) the production and accumu- 
lation (counting and register function) of pulse counts that re- 
present integrated time variable quantities such as electrical en- 
ergy and volumetric flow; (31 the sensing and presentation of 
status conditions of binary or multistate devices; and (4) the 
local presentation or display of this information on discrete de- 
vices such as indicating instruments, recorders, register meters, 
and indicating lights or displays. This set of subfunctions and 
the coordinated equipment necessary to provide them can be refer- 
red to as the DSC instrumentation system. Figure 8.3-1 shows the 
relationship of the instrumentation system to other DSG functions 
and equipment in simple block diagram form. 

The presentation of the various information, listed above in 
items (1) through (4), for local use and for transmission to the 
DDC will be influenced by the type and capability of the DSG master 
control and information processing/data acquisition equipment. At 
medium and large DSGs, where the relative expenditure is justifi- 
able, the DSG master control and information processing data ac- 
quisition would be performed by computer equipment. This type of 
equipment could provide an appropriate interface to (or even per- 
form the function of) the SC AD A equipment described as tne "data 
terminal equipment" type of function in the communications and 
data handling functional requirements descriptions. For smaller 
DSGs with simpler local control and limited or incompatible data 
acquisition equipment, the instrumentation system would probably 
have to present its information directly to a separate SCADA re- 
mote terminal unit that includes data terminal equipment functions. 
For these small DSGs, which are under control and monitoring by 
the DDC, considerably less information will be required by and 
transmitted to the DDC compared to medium and large DSG systems. 
This may be as limited as simple ON or OFF mode conditions. 

Input or Processed Data 


Variable quantities are: 
• Electrical 


A. Volts (kV) 

B. Watts MW) 

C. VARS (MVARS) 
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• Physical (dependent on type of DBG) 

A. Pressures 

B. Temperatures 

C. Flow 

D. Insolation 

E. Wind velocity 

Integrated quantities arei 
e MWh 

• Input energy (depends on type of DSG/primary energy 
source) 

Status 

e Important conditions (specific to type of DSG) 

• Alarm conditions (general and specific to type of DSG) 

Output Control and Data 

Output data same as listed for Input or Processed Data cited 
above. Basically all of it would be used or stored locally, and 
only the data pertinent to DDC operations would be transmitted to 
the DDC . 

Interactions with Other Functions 
Direct interactions include: 

• Distribution SCADA/Communication 

• Local DSG display and recording 

• DSG startup/shutdown 

• DSG stand-alone capability 

• DSG power control 

• DSG control (includes DSG mode control) 

• DSG voltage control 

• Revenue metering 

• Personnel safety 

Indirect interactions include: 

• All DDC functions concerned with monitoring and con- 
trol of the DSG. 
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gpsclal Requirements 

Electrical energy metering will involva special consideration 
for some types of DSGs, and for ownarahlp othar than solely by 
tha utility. 

It 1* noted that ordinary watthour matars will run in r averse 
if tha currant flow is reversed, thus producing incorrect readings. 
Watthour maters can be equipped with detents to prevent reverse 
operation, however, where bidirectional power flow can take place. 
Examples of this are: storage-battery types of DSGs, DSGs that re- 
quire crankup power for starting, DSGs that have auxiliary power 
requirements that exceed gross DSG output under certain conditions, 
and customer-owned DSGs with less than peak customer demand ca- 
pacity. In these cases two meters can be used, one for IN and the 
other for OUT watthour measurements. 

Where the DSG is customer owned and there can be a net IN or 
net OUT power flow, the revenue metering requirements can become 
complex. The metering may have to be performed on relatively 
short demand intervals (i.e., 15 minutes) and the time (hour) of 
the day may also affect the rates involved for selling or buying 
power/energy. Separate metering for the customer load and DSG 
would be helpful but may not always be practical. 

Customer revenue metering, therefore, requires consideration 
of both technical and contractual requirements to provide metering 
that can perform the required measurements. 
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M COMMUNICATION AND DATA HANDLING REQUIREMENTS 


The comunication and data handling functions provlda th« 
necessary Information transfar and data handling between tha DDC 
and the DSGs, the data transfar interfaces batwaan these equipments 
and tha communication links, and the associated and necessary in- 
formation processing at tha DDC. These functions are primarily in- 
volved in tha transfar of command and control data from tha DDC 
to DSGs and tha return of monitoring (normal and alarm) data from 
the DSGs to tha DDC. 

The functional requirements under the category of communication 
and data handling include the following! 

a Distribution supervisory control and data acquisition 
(SCADA) 

a Communication 
a Information processing 
a Revenue metering 

As indicated in Section 6, the Distribution DSG System may 
use either a centralized or a decentralized control structure de- 
pending on the perceived needs of the utility involved. A cen- 
tralized architecture is a master station located at the distribu- 
tion dispatch center (DDC) that communicates directly with each 
DSG remote station. These communication and data-handling 
functional requirements will be described conceptually in terms of 
a centralized control structure although the functional requirements 
are appropriate for either communication structure. 

A decentralized control architecture would have the DDC com- 
municating with distribution automation control (DAC) equipments, 
usually located at or near a substation, which in turn may communi- 
cate with one or more DSGs. Communication between the DDC and 
var ; ous DACs would utilize supervisory control and data acquisition 
(SCADA) equipment or techniques. The considerations involved for 
the communication and data handling associated with this decentral- 
ized architecture are discussed later in this overview. 

Communication and data handling functional and physical re- 
lationships are shown in Figures 8.4-1 and 8.4-2. Although these 
figures indicate the telephone means for communication, this has 
been done in order to simplify the description and is not meant 
to imply that other means of communication may not be used more 
effectively. Figure 8.4-1 generically illustrates, in the con- 
text of communication network terminology, the communication and 
data handling system. The terminology DTE and DCE are communi- 
cation industry standards and are defined as: 

• Data terminal equipment (DTE ) 

1. The equipment comprising the data source, the 
data sink, or both 
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2 . 


The equipment usually comprising the following 
functional units t control logic, buffer store, 
and one or more input or output devices or com- 
puters. It may also contain error control, syn- 
chronization and station identification capability 

• Data Communications Equipment (DCS) . The equipment 

that provides the functions required to establish, 

maintain, and terminate a connection? the signal con- 
version and coding required for communication between 
data terminal equipment (DTE) and data circuits. The 
data communications equipment may or may not be an 
integral part of a computer (e.g., a modem). 

The DCE equipment may or may not be supplied as part of a 
supervisory control and data acquisition (SCADA) system depending 
on hardware architecture and/or communication channel requirements. 
For an understanding of SCADA terms, functions, interfaces, oper- 
ation, and equipment requirements see Reference 1. 


Figure 8.4-2 is a further elaboration showing the use of a 
telephone company (TELCO) line as a communication circuit and 
some DDC and DSG input/output functions. Both figures indicate 
the scope of interest associated with the categories of SCADA, 
communication, and information processing.* 



WTiHfACt 


Figure 8.4-1. Generic Data Communication Network 


*By definition any information processing involved at the DSG re 
mote sites, whether for DSG control, display, or computation of 
derived telemetry data, is not included in communication and 
data handling requirements. 
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Figure 8.4-2. An Example of Communication Network Details 
Showing Inputs and Outputs 

In general, the category of communication and data handling 
pertains to the functions of: 

• Distribution SCADA . Sampling of digital end analog 
monitoring data and status conditions at the remote 
DSG site and the telemetering of this data to the DDC 
master station site and sending addressed commands 
from the DDC master station site to the proper ad- 
dressed remote station DSG site and controlled device 
at that site. 

• Communication . The communication multidrop network 
and any network protection equipment interconnecting 
the master and remote stations. 

• Information Processing . The data processing equipment, 
peripherals, and displays located at the DDC master 
station site. 








• Revenue Metering . Maturing the integrated value of 
power con aimed and/or produced by a cue tower of the 
electric utility and making it available for billing 
purposes to the utility. Revenue metering may also 
involve demand metering, time -of -day factors, etc. 

COMMUNICATION AND DATA HANDLING CONSIDERATIONS 

ygir~bg&gRmLx afinaBarogcTOig 

The preceding overview and .ne functional descriptions are 
oriented towards a centralized DSC communication and data han- 
dling architecture wherein all DSGs communicate directly with 
the DDC. A decentralized architecture may be desirable wherein 
each DSG communicates with its "parent" Distribution Automation 
Control (DAC) , which in turn communicates ’ith the DDC. Each DAC 
may communicate with none, one, or several DSGs; probably via a 
point-to-point path (actual DAC-DSG communication depends on avail- 
able communication media) . Communication and data handling func- 
tional capability for DDC- DAC communications will be required to 
accommodate the additional traffic imposed by the added DSG traffic 
requirements, superimposed on other DAC functions requiring DDC- DAC 
communications . 

The purpose of this discussion is to consider some of the 
ramifications and impact of a decentralized architecture on the 
total system communication and data handling environment. As 
stated above, it will be assumed that the DDC-DAC communications 
and data handling capabilities will have sufficient capacity to 
absorb the additional traffic generated by the DSGs as described 
in 8.4.5. It will also be assumed that the individual DAC pro- 
cessors will nave sufficient I/O capacity to interface with the 
DSG communication and also reserve memory and processing power to 
perform communications preprocessing, decentralized DSG monitoring 
and control, logical operations and message formatting, and trans- 
fer to and from the DAC. 

Based on the requirements stated in the foregoing assumptions, 
it appears logical to arrange the DDC-DAC-DSG communications and 
data handling to utilize the DAC information processor as an intel- 
ligent data concentrator to perform the data relay between the DSG 
and DDC. Several considerations favor this approach; 

• Islanding and other fault scenarios could make it 
desirable for the DAC to exercise rapid and autono- 
mous control of its DSGs. 

• It may be desirable that certain data logging be 
done at the DAC site which otherwise might over- 
burden the DDC-DAC system. Data logging at the DAC 
might also provide this function for DSGs which do 
not have any on site data logging capability. In 
genera] with the decentralized DAC control, it can 
be expected that the DDC-DAC communication traffic 
will be less than if separate DDC- DSG remote station 
communications were used. 
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• The DDC-DAC eyetem may have addressing limitations so 
that it might not be possible to add potentially large 
numbers of directly addressable DSG remote stations to 
the network* Sy using the DAC as a "r^iay" station, 
the traffic destined for the DSG can he i _ to the DAC 
processor as data containing the specif-.c DSG address 
and other information. The DAC processor can then, it- 
self, output appropriately to the DSG. Thus, the DDC- 
DAC system would not be required to address each DSG 
individual ly . 

e The DSG alarm/alert conditions could be sensed much 
more rapidly with appropriate action by the DAC pro- 
cessor, than as part of a centralized DDC-DSG SCADA 
scan. In such an event, and if necessary, the DAC 
could interrupt the DDC master station to notify it of 
an import alarm condition. See Sections 8.4.1 to 8.4.4. 

8.4. 1 FUNCTIONAL NAME: DISTRIBUTION SCADA 

Functional Description 

Distribution supervisory control and data acquisition (SCADA) 
pertains to functions associated with: 

1. "Sensing and reading" binary status and analog telemetry 
data signals, or, if available, their equivalent digital 
values at the remote DSG site and providing at the DDC 
master station site corresponding digital output with 
suitable identification (implied by address/formal or 
memory address) . Note that this latter boundary/interface 
may be conceptual and physically invisible.* 

2. Accepting as input digital command-control and addiess 
data from the DDC information processing center, and out- 
puting at the remote DSG site, in accordance with the 
command, corresponding scaled digital/analog signals or 
contact closures on their respective addressed terminals 
with appropriate hold/latch characteristics. Alternatively, 
and depending on the local DSG processor and control ar- 
chitecture, the equivalent digital information could be 
transferred to the local processor through proper inter- 
facing . 

Note that this function does not include the communication 
function involving the communication channel and any associated 
network protection. 

* Physical equipment provided by vendors of commercial SCADA systems 
can vary considerably in terms of the size and architecture of the 
master station processor. In a minimal sense the associated equip- 
ment may be a relatively simple communications preprocessor, or 
that function might be imbedded in a full-scale computer system 
that performs information processing and display drive as well. 

The same comments apply for SCADA remote station equipment. 
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Involved in this function will be such activities as: 

• Multiplexing and scan mode control (roaster station 
function) 

• Error detection 

e Multidrop line control and protocol 

• Addressing 

e Message formatting, synchronization, and decoding 

e A/D conversions as required at the remote DSG site 

Input or Processed Da ta 

Input from DSG : Monitored data from the DSG will be binary 

level voltage signals, binary or multistate contact closures, con- 
ditioned analog signals, BCD digital code, pulse/frequency, and 
contact closure counting. Manual or automatic selection of format 
mode at the DDC master station will determine which set of data 
from the DSG is returned to the DDC. In general, for normal mode 
scan, power-related variables such as voltages, currents, kW, kVAR, 
and sc forth, will be included. Depending on achievable normal 
scan rates or SCADA system architecture, a separate/dedicated alarm 
channel priority interrupt may be required. 

Input f rom DDC : Input from the DDC will be in digital form 

corresponding to control commands and their address, scan mode 
control manual override, and (if architecture requires) interface 
communication control/protocol signals. The control commands will 
include control point, setpoint, and scheduling data. The actual 
digital input form may be serial or parallel. 

Output Control and Data 

Output to DSG : Outputs to the DSG will be control point data 
such as binary level voltage signals and binary contact closures, 
and setpoint data, digital, or analog signals; all with suitable 
latching/hold characteristics and properly addressed to desired 
terminals. 

Output to DDC : The digital equivalent of all the data moni- 

tor ed^Ttlie^Temate DSG sites will be output at the DDC informa- 
tion processing interface with suitable addressing and scan mode 
information. The data formatting will be according to option scan 
modes that will be selected manually by the DDC operator, or auto- 
matically by the DDC information processing, as a function of alarm 
conditions and other prearranged message scheduling. 

Interaction With Other Functions 


C ontrol and Monitoring : The "remote control" aspects required 

for control and monitoring the various number and type of DSGs 
installed on a given system will largely determine the SCADA I/O 
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performance, capability, and architecture that will influence pro- 
tocol characteristics, communication interfaces, data rate require- 
ments, and so forth. 

Communication : Available and feasible communication link 

performance characteristics will influence the SCADA and overall 
system design. 

DSG Local Control : Obviously the nature of the DSG technology 

and its local control implementation will influence the nature of 
the interface with the SCADA function, and the DSG master control 
and remote station SCADA functions may both be performed by one 
hardware-software package. 

Information Processing : As was arbitrarily defined previously, 

the SCADA function will not be considered to include any information 
processing other than that required for communication control. As 
such, the interface between the DDC information processing and 
SCADA functions will depend upon the overall computer architecture 
(see previous discussions at inputs from and outputs to DDC) . 

Distribution Automation and Control : In some cases the phys- 

ical proximity of DSG sites to substations may make it appropriate 
to consider the combined DAC and DSG remote station rea ,-i rements. 

Special Requirements 

Interfaces : Communication interfaces will be required between 

the SCADA and the communication channel, DSG local control, and DDC 
information processing. 

Expandability : The SCADA system design should be flexible* 

to permit addition of future DSG sites. 

Security : SCADA error detection, protocol, and command en- 

abling procedures should give a high degree of security against 
incorrect data and false command execution. 

Modems : Any modems required for encoding/modulation may be 

considered a part of this function, because communication protocol 
may intimately involve modem requirements. 

8.4.2 FUNCTIONAL NAME: COMMUNICATION 

Functional Description 

Communication pertains to the base-band communication channel, 
and any associated network protection, that provides a multidrop* 
communication link between a master station located at the DDC 


*A separate channel per DSG may be applicable for certain individ- 
ual DSGs where only a few DSGs ate involved, or where physical 
location makes it necessary. 
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site and the many remote DSG station*. This function will not 
include any modems in this description. 

The communication channel could involve? 

e Telephone company (TELCO) or common carrier leased 
lines or switched network 

e Microwave 

e Radio 

e Carrier current, power line carrier (PLC) or distribu- 
tion line carrier (DLC) 

e Optical fibers 

A communication space satellite channel is probably not cost 
effective. 

The communication channel should obviously have high avail- 
ability (infrequent outages) , immunity to interference, and re- 
liability (low rates of error). The minimum acceptable data trans- 
mission rate will depend heavily on the number of DSG sites on the 
multidrop channel, and the total traffic. Distribution line carrier 
(DLC) on feeders will have a much more limited data transmission 
rate than leased common carrier channels. Half-duplex operation 
will probably be satisfactory for digital data communications. 

A voice grade channel (or subchannel) will be desirable and 
in some cases necessary. 

Depending on achievable scan rates, or SCADA system architec- 
ture and protocol, a separate simplex alarm channel (subchannel) 
may be required to promptly interrupt DDC information processing 
and pass it an address. Similarly a low-rate acknowledgement 
channel may be desirable. (These techniques are not normally 
incorporated in a standard scanning type of SCADA.) 

Input or Processed Data 

The input, at any port on the multidrop communication, will 
be base-band signals, i.e., in the frequency range from approxi- 
mately 300 to 3000 hertz. Internally to and for its own purpose, 
the base-band signal may be hetrodyned to higher frequency sub- 
channel. The SCADA and its associated modems may utilize various 
types of modulation such as dibit phase shift keying (DPSK) to 
more effectively utilize this base band and achieve full duplex 
operation if required. 

Output Control and Data 

The output, at any port, will be reasonable facsimile (or 
shall contain an acceptable facsimile) and any unavoidable noise 
such that the signal to noise ratio (S/N) is sufficiently high to 
produce low-bit detection error rates. 
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Interaction with Other Function s 

The communication channel Interacts with the modem interface 
associated with the SCADA. 

Special Requirements 

No special requirements have been defined. 

8.4 . 3 FUNCTIONAL NAME; . ■ MATION PROCESSING 

Information processing pertains to the information processing 
located at the DDC* site and associated with: 

e Processing, storage (archival, bulk, and random), dis- 
play (panel, mapboard, annunciators, CRT), of moni- 
tored data received from the DSG sites via the SCADA 
system. 

e Background processing, i.e., nonreal time, and control 
of conventional peripherals such as line printers, key- 
board and light pen data entry, CRT displays (mono- 
chrome and color graphics'! , bulk store (tapes, disc, 
drum) , and so forth. 

• System training and test. 

Depending on the system architecture and scope of the SCADA 
master station processing, some or all of the information process- 
ing function may be incorporated into the SCADA processing equip- 
ment or vice versa, i.e., a common processor may be used for both 
functions . 

I nput or Processed Data 

I nput from SCADA ; Input from the interface (perhaps only 
conceptual ) w I th t he SCADA function (see Distribution-SCADA; Con- 
trolleu Output to DDC) will be the digital equivalent of all the 
data monitored at the remote sites with suitable addressing iden- 
tification and scan mode information. Depending on whether a sep- 
arate communication channel is used, an alarm interrupt may also 
be input. 

Inyut from DDC : Input generated at the DDC will be mostly 

manual inputs associated with the real-time control /command of 
the DSG system and conventional nonreal time background processing. 


*By definition, for this description, any information processing 
at the DSG remote site that might involve outputs to or inputs 
from the SCADA will be considered part of the local DSG control 
processing and would probably involve DSG master control func- 
tions. DSG master control and remote station SCADA functions 
may be combined into one hardware/software package where econ- 
omically and functionally warranted. 
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Ot her Inputs : Other digital network* may be coupled to the 

DDC information proce**ing. 

Out put Control and Data 

O utput to SCADA : Output to the interface with the SCADA func- 

tion (see 6i atribut ion-SCADA; Input from DDC) will be the digital 
form corresponding to control command* and their address, scan 
mode control, and (if architecture requires) interface communica- 
tion control/protocol signals. 

Conv en tional Output ; Output associated with background 
computations . 

Display Recording Drive Outputs ; The DDC information process- 
ing will drive the various displays and recording devices asso- 
ciated with DSG-moni tored data and other system data. 

INTERACTION WITH OTHER FUNCTION S (as described under Inputs and 

Outputs) 


Special Requirements 

Red undancy : Depending on the number of DSC sites being con- 

troll ed~and the i r generating capacity, some degree of redundancy 
or backup procedures may be advisable. 

Co mmand Enable Procedures ; A secure procedure is required to 
prevent accidental execution of unintentional commands. 

Ar chival Data Logging ; An integrated management background 
system may be required to store and retrieve historical operational 
data . 

8.4.4 FU NCTIONAL NAME; REVENUE METERING 
Funct io n al P oser iption 

Revenue metering is the measurement of power, integrated over 
a time period, to determine electrical energy consumed by loads or 
produced by generating equipment. The quantity metered is watt- 
hours, often expressed as ki lowatthours (kWh). The purpose of rev- 
enue metering is to provide a measured basis for buying and selling 
electrical energy. 


Revenue metering is performed by measuring and calculating 
the product of voltage, current, and the cosine of the phase angle 
between them so that the (real) power component of total volt- 
amperes is determined and integrated with respect to time. 

Electric utilities enter into power/energy contracts with 
customers who in the past have primarily been energy consumers. 
Large users often had complex energy contracts that involved 
charges for capacity, peak demand, and total energy consumed. In 
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com* cam in the past, industrial cogeneration facilitias hava 
praducad reora power than they consumad (at cartain local plant 
load conditions), and tha axcass power/energy was sold to tha 
alactric utility. This has not been commc n practice in tha United 
States, however, because of complex institv.* onal and regulatory 
constraints. Joint ventures between utilities and industrial con- 
cerns have in some cases avoided or reduced the complexities to 
theii mutual advantage. 

With the advent of small privately owned DSGs, used for dis- 
placing utility supplied energy for local loads, the matering prob- 
lem may become more complex than when the customer only consumed 
energy. At times of low consumption and relatively high genera- 
tion, an excess of power/energy may be generated. Thus there may 
be either net IN or net OUT power flow at the revenue metering 
point. In addition to the technical aspects of using watthour 
meters with detent devices to prevent reverse rotation/registration, 
and the need for both IN and OUT meters, there are complex con- 
tractual matters that must be resolved. These are discussed in 
Appendix B, Political Factors and Trends. There are federal regu- 
lations or rules that are beginning to address this issue. Thus, 
revenue metering is more a contract matter than a technical prob- 
lem and will probably involve not only gross energy consumed or 
produced, but also the time-of-day and the day-of-week during which 
it was consumed or produced. The value/cost of the energy would 
depend on these time factors. 

Another technical aspect of customer revenue metering that is 
also in the early stages of development and application is auto- 
matic (revenue) meter reading. It is quite possible that auto- 
matic meter reading for customers with DSGs could simplify the 
electromechanical metering equipment complexities, if time-of-day 
metering rules were to be implemented. In addition, there are 
implications for sharing the communication overhead costs, if sim- 
ple DSG monitoring and control could be incorporated. 

Input or Processed Data 

• Volt and ampere values at the metering point 
Output Control and Data 

e Register readouts of watthours 
Interactions with Other Functions 


• Utility billing procedures 

• Automatic meter reading (if implemented) 

Special Requirements 

Special contractual and metering arrangements will be required 
for customers who own and utilize DSGs that are interconnected to 
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the utility distribucion system. Discussions of these issues have 
been given in the preceding material, and in related material in 
other sections of this report. 


This portion of page intentionally blank 
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8.4.5 DSG COMMUNICATIONS DATA HANDLING NEEDS 


To provide a more quantitative baeia for defining the charac- 
teristic* and quantity of the data handled by the DSG communica- 
tion function, it ie essential that a detailed analysis be made 
of the information requirements of each of the DSG monitoring and 
control functions which have been described and evaluated. It 
should be realised that depending on the iize and character of the 
DSG type involved, the number of DSGs that are communicated with, 
and the nature of the communication method from DDC to DSG and 
back (whether series or parallel communication means are used) the 
detailed designs will differ. The material that will be considered 
follows : 

e The communication mission 

e The communication function information and data timing 
needs 

e The message transactions and format 

e The data rate examples for a representative hydro elec- 
tric DSG 

The approach employed considers each DSG separately, so that 
any practical communications design will have to balance the num- 
ber and extent of the DSGs to be controlled and the degree to which 
the sequential or parallel communication between DDC and DSG is 
used. 


8 . 4 . 5 . 1 Communication Mission 

Ab a means for placing the communications reauirements in a 
useful perspective, it is worthwhile to consider the mission per- 
formed by the communications function. The functional block di- 
agram of Figure 8.2-1 can bo redrawn as in Figure 8.4.5. 1-1 to em- 
phasize the nature of the information inputs and outputs to the 
communication link between the DDC SCADA and the DSG master con- 
trol. DSG command and control serves as a gathering point of in- 
formation from several other functional sources located at the 
DDC, including the DDC operator, and makes data available to in- 
formation processing. 

The SCADA function prepares this and other information at the 
proper time periods for communication to the various DSGs and other 
information sources such as the EMS. At the DSGs, information re- 
lating to the periodic status of the various major elements of the 
DSG is prepared for transmittal to the DDC information processing 
and output to the display and recording and other pertinent func- 
tions . 


Table 8. 4. 5. 1-1 presents a matrix of the DSG functions associ- 
ated with the categories for control and monitoring and communica- 
tions and data handling as a function of the approximate time pe- 
riods for which the data handling is repeated. These two catego- 
ries of functions have been shown in this abbreviated version since 
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Figure 8. 4. 5. 1-1 Block Diagram Showing Information Inputs and 

Outputs to Communication Links Between DDC 
and DSGs 
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Table 8. 4.5. 1-1 
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they represent the predominant function* which require communica- 
tion between DDC and DSGs. Shown in the boxes are representative 
values of the number of information bits which may be required to 
accomplish the function indicated. 

In general there are commands and schedules which are of an 
ON-OFF nature , approximately dally, that are associated with a one 
to four times-a-day period. Revenue metering also might be don* 
daily or might be done as frequently as a 15-minut* to 1-hour basis 
depending on the wishes of the utility and/or customer. Periodic 
update of DBG status , including analog data, might take place on 
approximately an hourly basis corresponding to the 15-rainute to 
1-hour period. On a five to ten-minute period, power and voltage 
commands are sent to the DSGs and data are returned. The normai 
scan for alarms and load frequency control (LFC) information, where 
required, will be at a faster rate as associated with two to ten 
second periods. From time to time operator and EMS inputs r.iay have 
need of a fast response with override (high priority) requirements. 
On a priority basis these requirements may appear to be a on* to two 
second period input. In order to accomplish all the necessary in- 
formation handling, the information handling and communication for 
the many DSGs must take place at bit rates much faster than one per 
second. 

Although the various DSG functions develop the basic informa- 
tion to be handled, the SCADA function is responsible for the proper 
information coding and the development of the complete message to 
be communicated and received and how it is to be interpreted. Total 
data transmitted in a message contain not only the basic information 
but also other housekeeping and error detection overhead items. 

Thus there is a message efficiency factor that affects the data rate 
requirements . 

In considering the overall mission requirements of monitoring 
and control communications, one should include such factors as re- 
liability, error rate, and efficiency, as well as the physical en- 
vironment . 

Factors Affecting Reliability, Error Rate, and Efficiency 

In selecting the communication system message transactions 
and format concept described in this subsection, a number of factors 
affecting reliability, error rate, and efficiency of channel utili- 
zation have been incorpo* ^ted as part of the information handling 
process. These factors include: 

e Data error detection and correction 
e Message identification and ordering 
e "Select before operate" control philosophy 

Data error detection refers to the area of data transmission 
errors because of communicat ion media and to hardware errors in 
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the DCE equipment. Data error detection cen occur on the frame 
(tingle date element) level or on the message level. While It it 
desirable to have the moat practical comprehensive data detection 
scheme, the protocol should at least provide for message-level 
error detection. 

Such data error detection is accomplished by a variety of 
methods, but it is suggested that a method at least as effective 
as cyclic redundancy checking (CRC) be employed. For the illus- 
trations and examples presented, a BCH check code (8) was used. 

Data error correction covers the ability of the protocol to 
ignore erroneous messages and to establish a new message exchange 
to correct the original error. This process of error correction 
is known as "retry processing." In retry processing, the sender 
inquires of the receiver whether the previous message, or groups 
of messages, were received properly. The receiver then responds 
with a positive or negative response. A negative response will 
cause the last message, or the last negative messages, to be re- 
transmitted. 

The select-before-operate feature of a protocol ensures a 
high degree of security in the correctness of a control action. 

In a select-before-operate scheme the control point must be ac- 
cessed twice in succession, with intermediate confirmation of 
point selection and no intervening commands, before the control 
action is taken. The first message is said to select the device? 
the second message is the execute message. 

In addition to system reliability concerns as referred to 
above, the hardware and component reliability is a matter that 
must be given consideration in the communication requirements def- 
inition. Since each utility will have its own cost-reliability 
trade-off criteria, further mention of this selection process will 
not be made here. 

Communication Function Information and Data Timing Needs 

As DSG monitoring and control move toward a system definition 
a kev to its application and implementation will be the definition 
of tne data handling requirements for the purposes of communica- 
tion, supervisory control and data acquisition, and information 
processing system design. To obtain a perspective of the impact 
which the various distribution DSG functions may have on communi- 
cation and on SCADA and information processing functions, a sum- 
mary of the period, the allowable time to perform, the amount of 
information, and the resultant data rate requirement for each orig 
inating function have been prepared. Such information has been 
accumulated on the basis of one DSG. The results ate presented 
in Table 8. 4. 5. 1-2 and each column and row of the table are ex- 
plained in the set of associated notes. 

To construct Table 8. 4. 5. 1-2 with the objective of defining 
representative data rate requirements for individual distribution 
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Table 8, 4. 5. 1-2 

REPRESENTATIVE DATA RATE REQUIREMENTS TOR INDIVIDUAL DI8TRIB 
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t hanpesof dmretedesKe status, or chaa^fsof sAlues whKh cuced a preddmed deAdband c on* pared to i he last acknowkdfcd >alue. are detested bs «hcDSC» master or remtwe 
SC ADA total monmwmg fuiniion 

C onsequentlv. in the nett normal wait uaftsatuon a “HAg" is set in the message letmiiuiiKm iiekf o( the remote to master response *hnh denotes either. (Da status chanpe. or 
t2». a value e weeding deadband event has occurred The master SC ADA tun*. non then *equesis data by eweptton whKh tv ira«'mnied bv the Remote terminal a<.*v*ding to 
predefined message protocol and formal The data »s then sailed to the attention o< the DLX operatsK and d>sf>Uved at his request 

t or the ream pie used in TaWe 14 5 15 there are seven status conditions and ten values ssHkH a.e kxaKv munrtored at tlv DSC* The message transastKin lengths uimkl he the 
same for either type of data since a V by tern forma non field is a f iced length par amete* fix th»s n|ie!tans*ctisin 

Tl^se types of events depend on DSO and distribution svsiem characteristKs and al*o on external *au » A irequetwi *>t os^ur fence might he isrue p^r ^eek lor the hvdro 
ecample used 
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status conditions, clevm values ol variables, and one imegrated tkW Hi quanutv 
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20 I ttiu. i wo A2bV Alarmc onditions 

I he recording of alar m konditions reported it* the DDC as a result of a del Med alarm condiitofl dunng a normal hsa ode ISC ADA I unction} and the subsequent Alarm Dpi; 
Stan would be performed a-. *uih sonditHMis occurred and would be typed out m hard cops tor the operating record', lor reporting, end for analysis The alarm intocmatMMt is 
the same as that described msublunciion A2n4 and therefore is simply a repetition ot the mi me information 
MISSAC.I IKANSA( I KIN AND FORM A I 

Refer to Note K Data inflected lor fundi on A*a4 «\ uni./rd lor the alarm reading Iutkiumi alwi 
2t f uiKtion A V DStL. Vhedulmg. and Mode C ontrol 

The trequeiuv and i>peol kimirot *r command »niormaiH>n iransa* immi^ involved *n DDt kompuicf dirfkted IN. w.hedulmg and mode viHiirol will depend i>n the degree ot 
kigK k*pabdiiv oi the DM. Mavier t ontrol Down loading oi a *4 hour lumtlv rmide and power VkUdule mav he tranvmmed from DDC to DMi mavtet *.omrol whete it »v 
stored and uved to adtuvt the DM.. Power l ontrol I uiktion. and the DSt» Ope* at mg Mode C ontrol. or Direvi Mode |ON Oil » ( tmtrtd from the DDC mav he employed m 
ktmiurktHvn with DM. Power t ontrol avtam*. 

I he iranvav.tH>nk Ivm the latter methtid ate rvvennailv kOvered bv kubluiKtion dewnpoonv A2h^ and A2h4 A bull, data tranvler example tv prevented to illustrate this tvpeof 
message transastum 
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22 I u tut ion A4. Distribution Vuli \ AR t ontrol 

DSCiv ma\ assist m distribution svvtem voltage and V AR dispatching if thetf excitation systems may be adjusted by DDC remote control The period lot this function mav be 
i rum ten minutes to sine hour The shorter period of ten mmutes has arbitrarily been chosen for data transm»ssion calculations The information transmitted has been assumed 
in be either a voltage or \ AR setpotni value 
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2? Turtstion A5. 1 oad Control Including Restoration 

t ontrol of DSCi mode (via Function AT) and DSO Power (by direct command or via Function A6) may be used to aswst disVouiion load control and or fcMS load management 
system functions Cienetally the mode (ON/OFF) of the DSOs would be determined by the scheduling function and so ihc power output level adjustment sonirol is used f«r this 
example Fsscrmailv ihc power may be increased for two daily peak periods per day and correspondingly decreased at the end of these periods Therefore four sets ui 12 
raise lower pulses are assumed These control signals are "Direct Opera «'* transact ions and require no acknowledgment orcheckback from the DSO Remote Terminal 
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25 Function A7 Secutity Assessment at 
This function would bt activated ri 
on-line to help alleviaie overloads t 
Message Transaktion and I or mat 
(same as A2bJ. Refer to Note 19) 
2b Functions B) . 2, 3. 4. Power flow an 
t his category and its functions mvo 
2? Function t I. Distribution H ADA 
The baste SL ADA function of mort 
a normal scan routine Its period w 
practical A two second period wiU 


28 I unction 1 2. Communication I 
C ommumcation media and char.nd 
used 1 

2V Function ( 3 (DDC) Information FS 
This is an internal DDt function aa 
5(J Function 1 4, Revenue Vlctering ] 
Revenue metering, involving autoW 
readings as often as once per 1 5 mil 


51 I unctions Dl. D2. D5, D4. Assodj 
Functions Dt. D2. and D4arc loaj 
function D3 personnel safely reqj 
Thus, no additional message Iran*) 

32 Function fc I and t2. Protection S4j 
Basically these arc local function^ 
not a DDC DSC# message, it is nod 

33 Fut.;tion | 1. F2. 13, Start C apabfl 
Basic ally these arc local DSC# fure| 
lions, DDC control actions from i 
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| mes -cage transact ion ( T*bk • 4 5 2 I*, 
(cycles. >1 th e pukes sp*sfd out hi 


jcinmi and the subsequent Alarm Dai* 
iftx analysis The alarm iniormatum ^ 


k uwm‘>l will depenj on the decree of 
PCX to DM 1 master control where it >> 
Pt from the DlX miv be employed hi 


(c is pte^eflied 10 illustrate this tvpeof 


1. The peri.nl lot this lunctum mav he 
flmaiion ttaft'mttifd has been assumed 


(mmol and or l Ms toad management 
Jpfci adiusiment c.mtH*! u used for this 
ic pertKxJs Therefore, lout >ei' ol 12 
jtn the DM i Remote Terminal 
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24 function A* Automatic Gene* aooaC Mxrvl 
1 04*1 frequency C OM4ro4 (IK) 
i 14MWMNK IXsptKh C OAttfX it IX ) 

* hen appUaWe. refer to I *Mes 14$ I 4 and I 4 5 15. these soWunthoftMLK ), l£D< 1 reqwrt control achorno adiud the DSC power outpaN I wo ba*** techniques mas he 
rmftkned The lost requires msremewal v©u data and closed loop c^irol capabdity at the DSG Mawer Comrvri Vyuew "IimMi" MKTweiuai c©a compos and uaiKimufd 
10 each DMj on l I t or fc DC control Tor th* method no on line feedback of DSG M* » required 

I he second method lor perl or m*ng l f C and E DC subfuoctKHW h to have the DOC operate a* the dosed loop tom rotter nub M* feedback from DSC* mt**red m the .onirol 
algorithm The Utter method >v used Tor ih*s exampk uncc tuut common use 

Raise lower pulses are sent 10 the DSG for b*h fuitcftom Thus, »f both IK and fcDC are implemented, the IK period (t e . 2 seconds) and control signals t |a also include 
t IX control action in orttuitofl ( DC alone would require a set of poises 5 mto period 

It is noted that the feedback can be m.orporattd in a normal scan SC ADA function 1 hereby obstatmg the need for a separate (additional) wan and assumed channel 
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2* f unction V* Security Assessment and t ontrol 

I his function would he activated relatively mirequemk mikc the disinhu turn system is usually *n a normal sUtc f or othet than normal states a DSCi may he started up and put 
on I irk to help alleviate overloads Thus, a mode control t unction may he initiated hv this cev urn v (unction This action may be required approximately otSve a month per DSC. 
Message I ranvachon and J ormai 
tsameas A2M. Reter to Note 11) 

2h I unctions 0|,2. 1,4. poAfillow and yualuv 1 aiegory 

T his category and its (unctions myolved local DMi actions to carts out DDC or kwal operator control requests In themselves they require no DlX DSC ■ communication 
2" f unction < | , Diet nhu non SC ADA (Nor mat) Man 

I he hasiv SC ADA Junction o( monitoring DM»s to determine it thete have been any uncommanded status changes, out til hand excursions, or alarm conditions lv performed hv 
4 norma! scan routine tlx period will depend on the impor tancC and >t/e ol the D*»C*s and personnel salcu considerations A range o! two to ten secimds is usually considered 
prastual A two secsMtd period will he used lor this exan. pie 


F TRANSACTION 1*0 FONMAT 
INFO l 


2* 1 unction ( 2, ( ommunicatuHt 


l ommunKaiionmediaandcliannelscafrv DDC DSCi messages This oxer alt contmuitx ol ihe commumcation link is checked hv f urkiu>n< 1 and thus no separate messages arc 
used 


2v I unction ( \ (DlX ) Inlormaimn Prixe'smg 

I his is an internal DIM function and in itself docs m« utilize DTK DSG communications messages 
To T unction c 4. Revenue Metering 

Revenue metering, involving auiomatw colleciionoi kVkhdata, t ay beuhlt/ed lor customer owned DSc.s It demand clauses are included lor energy uvtge or production, kSCh 
readings as often as once per 1 5 mmuics m«y he required and tc used lor this example It iv noted that for unlit, owned DSCjs. revenue meeting is not required 
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Tl 1 unctions D1 D2. O', D4. A swKiated with Normal, Abnormal, and fcmergency SutesOperai tonal Requirement xt alegory 
Tunc twins Dl . D2. and D4 are local DSCi t unctions and do not mxoUe DDC DSCj communKauons for exccunon 

I unchon DT personnel calets requires information transraiued. collected, and stored by other functions (primarily Operator Display and Recording) lor us implementations 
Thus, no additional message transact ions are listed for this funchon 
T2 I unction l ! and l 2. Protection Substation, Transformer Teeder and Protection DSG 

Basically these are local lunchons Tor certain fault conditions, howeser. substation to DSG communication (of Transfer Tnp Signal) may be required However, sirwe this is 
not a DlX DSC. message, it is not known on this chan 
U function f 1, 12. T$. Start Capabilits. Svnchrom/ation. and Stand Alone C apabihty 

Basically these are local Ds^., tundiv is that do not require DDC DSG commu meat tons to carry out these functions However, in the initiation and carrying on of ihcvr June 
turns, DDC control actions from among those noted in other categories irjiy be required 
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DSG functions, certain basic assumptions were required. The quan- 
tity of information, the timing of its transmission, and the mes- 
sage transactions and format were needed. 

Typical information quantities with regard to the status of 
devices, conditions, and values at a DSG ware needed to make sam- 
ple calculations of data rate. For the examples and results pre- 
sented in Table 8. 4. 5. 1-2 for one DSG, a set of information was 
derived from the survey data presented in Section 6, Table 6.9-1, 
of this report. The derived data is presented in Table 8. 4. 5. 1-3 
and is considered typical for medium- to- large hydroelectric DSGs. 
Other types of DSGs would have somewhat different process-and 
energy-oriented information, and small DSGs would quite likely 
have less information exchanged between DDC and DSG. Since Ta- 
ble 6.9-1 and the derived Table 8. 4. 5. 1-3 is equipment-oriented; 
it was necessary to recast the information presented in Table 
8. 4. 5. 1-3 into the DSG function-oriented arrangement of Section 8. 

To do this, DSG functions which initiate action involving DDC to 
DSG communication were correlated with the types and quantities 
information listed in Table 8. 4. 5. 1-3. This work was done on the 
basis of a single-unit hydroelectric DSG station. Values repre- 
senting multi-unit station summations wera therefore omitted. 

Values of the periodicity and allowable time to perform the 
necessary message transactions (s) to satisfy operator and DDC 
automatic control and monitoring requirements have been assumed 
for each distribution DSG function. The assumptions are based on 
representative values considered typical in electric utility ex- 
perience and practice for similar functions at the EMS level. Most 
of the bases for period and allowable time to transact communica- 
tion messages are contained in the notes of Table 8. 4. 5. 1-3 and 
the supporting Table 8. 4. 5. 1-4 which concerns automatic generation 
control function timing requirements. With the examples provided, 
other numerical values for "Function Period" and Allowable Time 
per Transaction" in Table 8.4. 5.1-2 can readily be substituted 
and evaluated. 

To derive meaningful data rate values, a reasonably efficient 
and secure message transaction, protocol, and format had to be de- 
fined for use in the calculations. Over many years various codes 
and modes of operation have been developed and have been used to 
perform remote control, monitoring, and data acquisition in elec- 
tric utility systems. Recently, activity has begun toward devel- 
oping a recommended practice for communications between "master" 
and "remote" stations in conjunction with an existing standard for 
supervisory station control and data acquisition. Basic mes- 
sage requirements for distribution supervisory control and data 
acquisition are essentially the same as those which have histori- 
cally evolved for serving major generation and transmission facili- 
ties. Since a reasonable message transaction, protocol, and format 
have been proposed by a recognized professional body/ 8 ) the material 
has been adopted for the purpose of developing Table 8. 4. 5. 1-2. 

Thus message transactions, formatting, and total data content for 
the distribution DSG functions which require DDC-DSG communications 
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Table 8. 4. 5. 1-3 


DSG MONITOR AND CONTROL INFORMATION FLOW 
DSG TYPE: HYDROELECTRIC POWER GENERATION 

MEDIUM AND L*tf*GE SIZE STATIONS 


INPUTS TO DSC REMOTE TEPM I NAL ON I T 
EROM CONTROL CENTER: 


• Control 

Two-Position Control: 

C . mutor Unit, Start Stop 

Generator Unit Circuit Breaker, 0|«n 'Close 
High Voltage Circuit Breaker!*), Opcn/Close 

I ncrepien ta 1 Variable Position Control: 

Unit Cate Uovetnor S|«ieJ power, Raise/Lower 

Unit Cute Governor Limit, Raise 7 Lower 

Unit Volta, |e VAR, Rarse/I.ower 

Iteu.t Cates, Raise. Lower 

Sluice Spillway (late, Raise Lower 

• Data Request » 

Automat ic: 

Normal Com! it ions 
Normal Scan 
Periodic U|»late 
Pet 10,1 ic Leu 

Alarm Conditions , t Status Cliunue 


Type Station 

Sinqle Multi 
Unit Unit 


Control and Monitoring 

Message Typa* 


Opel at or Denan,i : 

St it as 

Individual points 
All roints 
Va 1 ues 

Selected Data 
Al 1 Data 


OUTPUTS PROM DSD, REMOTE TERMINAL UNIT 
TO CONTROL CLNTP.R 


Change of Any Status Toint 
Device (Two-Posit loll) 

Ceneiator Mustet Control Relay 
Cenetator Circuit Breaker 
Hiuh Voltage Circuit Breaker (s) 

Start Sequence in Proqreas 
Start Sequence Complete 
Unit Runmnq Stopped 
Local 'Remote Control Switch 

Alarm* 

Chanqe of Any Alarm point 

Unit Trxpout 

Unit Trouble 

Generator Over Voltaue 

Incomplete Start Stop Sequence 

Governor Oil Pressure, Low 

Unit Bearinq Gil Pressure, Low 

Unit Bearing Temperature, High 

Main Transformer Oil Temperature, Hrqh 

Battery Ground or Under Voltage 

Fire 

Station Unauthorized Entry 
Station Auxiliary Power Failure 
Trash Rack Differential (Press, or Level) 
General Station Alarm 





X X X X X 





























Table 8. 4. 5. 1-3 (Cant'd) 


DSG MONITOR AND CONTROL INFORMATION FLOW 
DSG TYPE J HYDROELECTRIC POWER GENERATION 
MEDIUM AND LARGE SIZE STATIONS 


OUTPUTS r«OM DSC REMOTE TERMINAL UNIT 
TO CONTROL ITNTFR (Cont’dt 

Type Stat ton 

Control and Monitoring 

Message Typea 

Single 
Vn 1 1 

Multi 

unit 

■ 

B 

H 

I 





■ 

fcl 


• Values 










Vanabls Uuantltiss (Analog M»aaut*m*nt a) 










Generator, HN 

X 

X 



X 

X 



X 

i*rwi,Ioi Reactive Volt A*i|>«rea, MVA<t 

X 

X 



X 

X 



X 

dene rat or Vo 1 tags, kV 

X 

X 



X 

X 



X 

Station Powet , MN 


X 



X 

X 



X 

Station Reactive Volt Aaipetes, MVAR 


X 



X 

X 



X 

Mi.jh Voltage System, kV 

X 

X 



X 

X 



X 

System Fle.|uency, Hi 

X 

X 



X 

X 




Unit date Tfovernot rosition 

X 

X 



X 

X 



X 

Unit date dove r not Limit 

X 

X 



X 

X 




Mead dale Position 

X 

X 



X 

X 




Headwater Level 

X 

X 



X 

X 



X 

Tallwatoi level 

X 

X 



X 

X 



X 

Spillway Sluice date 1’, -ait ion 

X 

X 



X 

X 




Integrated Quantities 










denetator Energy, MKb 

X 

X 



A 





Station liner gy, MWh 


X 



X 






UGf-NP ANP NOTFS 

Contiol and Hv'iutoi Um Tyjn’» ivsct tpt ion jh»! VfMute Period; 

F Normal #can cycle, J-to-10 •room! period, Assumes a "Report by Ixcopt ion" t ype himuiuM'J 
system where station in only jnt et t ouat ed toi status changes or alarms. 

d Status dhanqe ami Alarm Rejncit. Repotted upon occurrence, as detected by noim.il scan, F. 
Infrequent i*or i.s.1, i.o, l Month for Ala t ms, l set K hout shift for status changes, 

H IV! iodic Leg Scan. Repot ted on 1 h.nu period. 

I Si’loi'tfii punt (•* 4ff iMthtu device status punt* oi specific variable quantity point is' 
selected tor observation by Control Center 0|V1 ator eithri for passive monitoring or 
monitoring in con 'unction with control of a selected vat table, .’-to-10 second |u»r iod, 

.t c'otttlol of a Mode iSub cVlumn U Pisciete) or a Variable tSub Column V * Variable) . 

K Pei iodic update c t vai table quantities. The update pci tod for each variable wilt depend 
upon the degree o! b$d pat t i c i pat ion m power system AvV teal power (watt) and reactive 
power i VAR* dispatch, and oi Lo»id*Fi equency v’ent i.>| . To some derive the update period 
will depend on tile DSC. Master Control o? Remote Terminal t’nif l.'an - capabilities whereby 
local monitoiing for values within a speeitied acceptable band would alleviate tejvartlng 
unless the band was exceeded. Typical uyntate per rod value* .tie given m Table H.4.1-*. 
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Table 8. 4. 5. 1-4 


PERIODIC UPDATE OF VARIABLES VERSUS DEGREE 
OF AUTOMATIC GENERATION CONTROL 
AND LOCAL MONITORINC/LIMIT CHECKING 


Monitored Quantity 

Load 

Freq 

Control 

(LFC) 

Update Period 

With AGC Without AGC 

Economic Dispatch 
Control (EDC) 

Monitored: 
Local Central 

Watt 

Disp. 

Var 

Disp. 

Generator MW 

Station MW 

Generator MVAR 

Station MVAR 

Generator kV 

Station kV 

Headwater Level 

Tail water Level 

Unit Gate/Gov. Position 

2-10 s 
2-10 s 

5 m 
5 m 

10 m 
10 m 

j 

60 min 15 min 


Notes: s * seconds 

m « minutes 

AGC - Automatic Generation Control 


in Table 8. 4. 5. 1-2 are based on References 1 and 8. Each DSG 
function that requires DDC-DSG communication uses a specific 
message transaction, format, and content. This information is ex- 
plained for each function in the corresponding set of notes for 
Table 8. 4. 5. 1-2, Table 8.4.5. 1-5 and Table 8.4.5. 1-6 on a general 
basis. 


It is important to note that while the complete set of func- 
tions defined in Section 8 have been listed on Table 8. 4. 5 . 1 - 2 , 
many DSGs will not have all of these functions implemented. There 
fore, Table 8.4.5. 1-2 should not be used as a guide for defining 
"typical DSG" communication, SCADA, and information processing re- 
quirements. Furthermore, since Table 8. 4 . 5 . 1-2 is function- 
oriented, Table 8.4. 5. 1-2 does not inherently contain data rate 
information pertaining to data rate requirements for combinations 
of several or many functions. For example, two functions may be 
accomplished by one message transaction. Table 8. 4 . 5 . 1-2 does 
provide an indication of the magnitude of data rates which may be 
anticipated for serving a medium or large DSG. Channel data rate 
requirements will depend on the number, size, and types of DSGs 
served by the specific channel, as well as the functions performed 
for each DSG. 
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8 . 4 . 5 . 2 Message Transactions and Format 


To provide the basiB for defining message lengths and number 
and order of messages required to perform the various individual 
distribution DSG functions, a set of message transactions and mes- 
sage formats for Master-Remote communications is required. For the 
purpose of developing the information and data rates of Table 
8.4.5. 1-2 it was considered reasonable to use material developed 
by TFKK for Master- Remote communications (8) and the associated 
ANSI/IKEK standard, "Definition, Specification, and Analysis of 
Manual Automatic, and Supervision Station Control and Data Acnui- 
sition."dO) Thus direct extractions from these sources have been 
used to describe the basic message transactions presented in Ta- 
ble 8. 4. 5.2-1 and the message format presented in Table 8.4. 5.2-2 
with notes also extracted from Reference 8. Slight simplifica- 
tions, expansions, and condensations were made where it was con- 
sidered appropriate for the purposes of the illustrative material 
in this report. For more detailed information, the referenced 
sources should be consulted. 

Table 8. 4. 5. 2-1, Master Station-Remote Terminal Unit (RTU) 
Transactions presents six basic types of message transactions. The 
initiation of message traffic always originates at the Master Sta- 
tion (in this study this is equivalent to the DOC location). The 
"communication discipline" imposed for message transactions between 
Master and Remote terminals has been assumed to be as follows. 

8.4.5. 3 C ommunication Operation 

All communication between a Master Station and a Remote Sta- 
tion will operate in the half duplex mode, defined as follows: 

• A Remote Station will transmit data on a channel only 
in response to receipt on that channel of a valid Mas- 
ter Station message that requests such transmission. 

• The Master Station will transmit data on a channel only 
when no Remote Station is transmitting data on that chan- 
no 1 . 

• The Master Station will manage the use of each channel 
on a priority basis. The highest priority traffic will 
be transmitted before lower priority traffic with the 
exception that a multipart, low-prior ity message will 
not be interrupted by a higher priority messaqe. 

• The Master Station will be capable of managing traffic 
simultaneously on more than one communications channel. 

The "Type Numbers" listed in Table 8.4. 5.2-1 are those refer- 
enced in Table 8. 4. 5. 1-2 regarding the message types (s) transaction 
used to accomplish a special function. The explanation of the Mes- 
sage F’stabl ishment , Information, and Message Termination segments 
are given in Table 8. 4. 5. 2-2 with its accompanying notes. 

Table 8. 4. 5. 2-2, Communication Messaqe Formats and the accom- 
panying notes have been extracted from Reference 8 and onlv minor 
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Tabic 8. 4. 5. 2-1 

MASTI’R STAT ION/RLMOTH TERMINAL UNIT 
(RTU) TRANSACTIONS {8) 


transaction description 


TRANSACTION TYPE 


MASTER TO REMOTE REMOTE TO MASTER 


RTU COMMAND DIRECT OPERATE 


RTU COMMANO OR CONTROL HE SETPOINT 
VALUE EXTERNAL DEVICE CONTROL OP 
DATA REQUEST | 


SELECT 


CHECKBACK 


RTU SELECT BEFORE OPERATE CONTROL 
ACTION (TWO CONSECUTIVE TRANSACTIONS) 


3 EXECUTE 


BATCH DATA TRANSFER (MASTER TO REMOTE) 


RTU DATA REQUEST (MORE THAN 3 BYTES OF 
INFORMATION UP TO 27 BYTES VARIABLE) 


I T 


RTU BATCH DATA REQUEST ,)E REQUEST FOR 
REPORT BY EXCEPTION INFORMATION) 


NOTES 

E MESSAGE ESTABLISHMENT SEGMENT 

I INFORMATION SEGMENT MAY BE 3 3 TO 27 OR 27 BYTES (8 BITS BYTE I AS INDICATED 
ABOVE FOR SPECIFIC MESSAGE TRANSACTIONS 
T MESSAGE TERMINATION SEGMENT 

THESE SEGMENTS ARE FURTHER DEFINED IN TABLE 8 4 S 2 2 
COMMUNICATION MESSAGE FORMATS 





































Table 8. 4. 5. 2-2 
COMMUNICATION MESSAGE FORMAT 


Mimw Ponsat Bu— Miry 

The following diagraaw and notes suMaarisa the massage fonaat 
daf initiona t 

1. Basle Maaaaoa Struct ura 


MB88A0E KSTABUSHMCNT I INFORMATION 


MESSAGE TERMINATION 


2. Message Establ ishment Field 


BILL 

MODEM TRANSMITTER KEYED ON* 


PREAMBLE 

SYNC 

RTU AOORESS 

INFO 

> 8 0 MS MIN* 

8 BITS 

8 BITS 



‘NOTE t For simplif ication of illuatrativa examples 
thia waa arbitrarily aaaumad to be 1 byte (8 bita) 
for all message establishment segment » 

3. information Field 


(M R) address] function 

POINT 

AOORESS 

DATA 1 

DATA 2 

~L 

— 1M T Ti M 

S BITS 

■rn^| 

0-24 BYTES 



(R-tA) AOORESS 

A 

B 

C 

DATA 3 

TERMN 


8 BITS 

8 BITS 

8 BITS 

0-24 BYTES 



NOTES! Byte A is either FUNCTION or RTU DATA Byte 1. 

Byte B is either POINT ADDRESS or RTU DATA Byte 2. 
Byte C is either DATA 1 or RTU DATA Byte 3. 

DATA 2 is allowed only in dedicated channels. 

DATA 3 is the remainder of the requested data. 

Message Terminat ion Field 



ST ATUS'COMM AND 

(2S5.239) BCH CODE 

END 

16 BITS 

16 BITS 

2 BITS 

t 



MODEM TRANSMITTER KEYED OFF 
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NOTMPO* TAALM I i 2 T 


MOTH 

COMMUNICATION MKMAOi POIMAT 
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1 i Mmmt memo M n yy Wiumwo F*W Dtag* 

Tto Am rtwtf hriti to tit Mimr Viinnn menage Infr-tnaiirr i«tak »to« to atMgMda* Jtolewt 
tor* t FomtMoC ode f i H Xt i— type** to performed to itoRTL 
IMcl PomiAddee** Otoxt aitmtor, tto tpotoftad fwmsum i ype. »oto act*— »d 

B**e5 Modifier fegmfgMm: depe nd* — fto a t utuMd F au cti on Code 

A ddmonto to** « ito teem iaen oa <him« mat to mod a* togmrod. wod* tto comm to tto ftrwttoee tom. for it mmnmm to 4m m ito HTV 
a J UTL Mhm» luf armti— fwM Us«fc 

Rtt f^ paww i« M«M* Whim whii|h »i(l) M < n»> » v*fv «to wmto w uifi i f w f 1 tom} fw pr it to cMtrto ao4 KTU f i wiM hmk®, (2) m*k ft *m « UTL 
ttocfciMtk Ktw M|,l tom}, ar ( J) frwa J «• 24 tom to toi 

J MtitACP TttMmATKJ^Plfel D 

Tto* r»fU win COMM* to ito« wttotem. » 14 tot mki*o<> «<Mk *mt « 2-toi w t ui) (-ito itto tto wnw -tf Md f»W m atod w tottN Mittur Mid >w h k -»Mimi> 

v jw iwmii w mwwi mhini Ttot rwW m m*i «o MifW^ct praemto tfc*t *rf »• »to mtomy wt mu to to t*****MMm$ kmw Mid^to f wn ia nd i ffM tto irtoMMNtmt 

l im mto Tto mtm«> ioto t*to *»N to tto ca$1.2>to tot Ow N un , IK H, ctok Tto tmm$t fto ttot wto kiwi to iw# ton m I *#k ‘T* Into, tom wtotoi ito t/MHUMtuiif 
tffHWMt mototK tatf net mr to kry** 1 tot 
J I Amw* i htti Htmottio HLwm 

Tim t t*i it 14 toft m toiftlt ito n «wd to laowwiunit MlvrmtwR from tto r g m a tf wimmI m ito totW toto m twy r two t t » wn * w i ummwm Tto c toi«r*i « to ttot 
fttod it* tntotMt iHm a tou vupttoM ****** Utowto to atod to tto mwk lotoun wtftiwMMNi mi vpwifw .to f*pto»d m tto t4*t*'€to»tt*ari ft«w fm ito Rf*me W-MMt*f 
wmtof c flow ttot wiN to u%to to %* mm* m M* tto follow mg type* to tofor toot too 

i KTl Neuort TUf 
It Hu4*MefMto*eFlo« 
a t ow toM Mitaiioot fetter | log 
4 toatwt Rvport to F wepdoo f tef 
f Aiutfof Report to t uepooo T log 
r ^ Ettott Omj f tof 

h AtitmtataitM f '«M F W| 
i iou* Dm « MettAprftof 

k ( ink D*H I Uf 
1 top LM*utto4 Ho* 

J2 Vam. t fMMiAAtf F«**4 to Remoif 

Ttot (teW »t >4 tott m leaf 1 * **d » u*«4 to tooMMumcate «oom*mm*4* from tto totom StMioo to tacit tpectftc KTL « M**m Simmm io «*cM *poc>ftc KTL m MtMtt to-IUmoi* 
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4 Rem Hardware F atone F Uf 
v Rem C ooumiimaiKMit Error Flat 
4 ( tear Staiui Report to I tovptto* 
e t tear AtuJog Report 4> E wept km 
f t leaf Sequence of E vein t 
g Rem Aitatog Ft tear flag 
4 R»*et At cwmuWMor ft eeee Flag 
• Rem Stiff erOterflow Flag 
j Bat vh Data Mevtagr Flag 
k Cleat F #wH Data 
I C tear Vat ut wult Mentor % 
m top Ltt««tigite4 Brtt 



modification* «implifying a^suMptions and condansations war* mads. 
For additional details of bit, segment, or maasaga utilisation. 
Reference 3 should be consulted. The massage format presented in 
Table 8. 4. 5. 2-2 and accompanying notes has bean used in developing 
the data volume quantities of Table 8. 4. 5. 1-2. 

8. 4. 5. 4 Data Rate Examples for a Representative Hydroelectric DBG 

For a given DSG, a number of the functions listed in Table 
8. 4. 5. 1-2 involving DDC-DSG communications may be performed in the 
process of monitoring and control. Since hydro is a mature tech- 
nology and one of the most flexible, it has been chosen to illus- 
trate six functional examples and the communication data rates as- 
sociated with each function. Scheduling and automatic generation 
control have been included in the example functions for hydro DSG. 
Other types of DSGs have varying capabilities and constraints re- 
garding participation in these functions. Table 8. 4. 5. 4-1 pre- 
sents information for all seven types of DSGs that are examined 
in this study. 

Six examples of data rate calculations for typical functions 
contained in Table 8.4.5. 1-2 are given in this description, along 
with figures showing specific message transaction, format, and 
content. By this mechanism an understanding can be gained of how 
the material in Table 8. 4. 5. 1-2 was developed. Also, the relation- 
ship of message information content versus total data (information 
plus overhead) can be perceived. 

Whereas Table 8. 4. 5. 1-2 "data rates" did not include any sig- 
nificant time delay considerations (other than that noted in Ta- 
ble 8. 4. 5. 2-2 in the message establishment segment), the examples 
presented here have included in a gross way a factor for total 
turnaround time delay. An arbitrary value of 200 milliseconds 
(0.2 sec) has been used for illustrative purposes. Other values 
could be used and would be influenced by communication media, mode 
of transmission, and communication channel circuit configuration. 
For simplification purposes half (100 ms) of the 200 ms time delay 
(TD) in the examples was assigned to Master-to-Remote transmis- 
sions and half to the Remote-to-Master transmissions. 

As for Table 8. 4. 5. 1-2, the number of status, alarms, or val- 
ues is based on the information presented in Table 8. 4. 5. 1-3. The 
gross time values used to calculate data rate are those listed in 
Table 8.4. 5. 1-2 in the "Allowable Time per Transaction" column. 

A summary of the results from the six examples is given in 
Table 8. 4. 5. 4-1, "Summary of Data Rate Requirements for Six In- 
dividual DDC-DSG Functions." 
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DATA RATE EXAMPLES FOR A REPRESENTATIVE HYDROELECTRIC DSG 

EXAMPLE 1 

PERIODIC UPDATE OF VARIABLES 

To update the DDC data base , valuta of alavan DSG varlablac 
art pariodically r aquas tad by and raportad to tha DDC. The assumed 
time to carry out this transaction is 30 seconds. Massage Trans- 
action Type 6. 


MESSAGE TRANSACTION SEQUENCE 
REQUEST V AWASH DATA 

1ST AS INTO TERM BD REPORT DATA VALUES 


n°n i - n 

1ST AS INTO (11 VALUES) TERM 1 

i (a S3 SITS 

TP | 

— Li u i i i i i i i i 1 i 


N — i#4 srr« - . . . . » 

30 SSC — » 


ASSUMS TIMS DELAY (TOl - 0 1 SEC 

total Sin MHM 27 # 

DATA RATS “ r " 1 - 'S • 5^. - 

NST TIMS 30 I TOl 29 S 

DATA RATS - » 3 BrTS PER SC00N0 


M - MA3TSR 
R - RSMOTB 

ESTS - MESSAGE ESTABLISHMENT 3 BYTES 
INTO - INFORMATION FIELD (3 TO 37 BYTES) 

TERM - MESSAGE TERMINATION 4 BYTES 
ED - SNO OF MESSAGE |2 BITS) 

TO - TIMS DELAY 100 MS (0 1 SECONOSl 
TYPES OF MESSAGE TRANSACTION ARE ILLUSTRATED IN TABLE 8 4 6 2 1 


EXAMPLE 2 


ALARM REPORTING 


The alarm reporting sequence follows a 8CADA (Normal) Scan 
that contains an alarm condition that exists at the DSG. Status 
of all alarm indication points is transmitted. 

Message transaction consists of a request for "report by ex- 
ception" of alarm data and a response by remote identifying data 
and status in groups of 12 points per data address and in this 
example 14 alarm points are reported (see Note 1) . Assumed time 
for complete transaction is 2 seconds. Message Transaction Type 5. 


MESSAGE TRANSACTION SEQUENCE 
OAT \ BY EXCEPTIONAL REQUEST (ALARM) 
BETAS INTO TERM ED 


ALARM DATA RETORT 



DATA RATE - 


TOTAL BIT8 82 + 274 358 


NET TIME 2 2 (TD) 1 8 
DATA RATE - 197 BITS PER SECOND 


Now 1 

While Only 1 4 Alarm Points ara Raporlod. tha Mar -age Format-Protocol Implemented Dahnas a 
Raport by Exception Reaponaa From tha Remote as a Constant 2 7 -Byte Iniormation Segment 
Contain* g Capability lor 10 Addreaaes (120 Points l Thus a Con*->rable Penalty Exists Whan Few 
Points ara Required 
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EXAMPLE 3 


SCHEDULING AND MODE CONTROL 


One method of scheduling would bo to transmit to the remote 
DSG master control 24-hour power output values, once per day. 

This could be done by a batch data transfer from DDC Master to 
DSG Remote . 

Message transaction consists of the previous ED (end) bits 
setting the remote to receive, in the next Master-Remote message, 
a "Batch Data Transfer," Message Transaction Type 4. Assumed time 
for this transaction is 5 minutes. 


mr 


RM 


MR 


RM 


MESSAGE TRANSACTION SEQUENCE 
BATCH DATA TRANSFER 



DATA RATE - 


TOTAL BITS 
NET TIME 


274 + 62 ♦ 274 ♦ 82 BITS 

5 X to 4 1 TB 1 sec — 


712 


DATA RATE - 


300 0 4 


-24 BITS PER SECOND 


EXAMPLE 4 


DISTRIBUTION VOLT/VAR CONTROL 

DSGs with voltage control adjustment capability may be used 
to assist in distribution system volt/VAR control. Periodic ad- 
justment of a voltage reference set point at the DSG by transmit- 
ting this set point value periodically is one method of implement- 
ing this function. The assumed time to carry out this transaction 
is 10 seconds. Mersnnge Transaction Type 2. 


MESSAGE transaction sequence 

8ET POINT VALUE 


ESTAB INFO TERM E 

) ACKNOWLEDGE 

ESTAB INFO TERM EO 

TD 

8P |bCh[1 


•R 62 BITS »] 




H 82 BITS' -B» 

"1 


ASSUME TIME DELAY (TD) - 0 1 SEC 


DATA RATE - 


TOTAL BITS 
NET TIME 


62 + 62 
10 ■ 2 (TD) 


164 

OB 


DATA RATE 16 7 BITS PER SEC 


Not* Sat Point Value* Uses 16 Bits of Message Termination Segment (Omitting Request and 
Report of Change Conditions in Thte Transection] 







EXAMPLE 5 


AUTOMATIC GENERATION CONTROL 


Load Frequency Control can also include Economic Dispatch Con- 
trol information in same data transmissions. 

Message transactions consist of sending one raise or lower 
pulse "direct operate" control signal (if no change required, no 
R/L pulse control signal is sent) and analog data (DSG MW output) 
request, and the remotes' data response. Assumed time for com- 
plete transaction is 2 seconds. Message transaction types 1 and 2. 


MESSAOE TRANSACTION SEQUENCE 
Ft L CONTROL DATA REQUEST 



ESTAB INFO 

TERM ED 

ESTAB INFO TERM ED 

MR 

L ro 

1 

TO | 1 1 ESTAB INFO TERM ED 

RM 

82 BITS 

«* 

82 EMT8 01 TO I 1 I | |P 

B2 BITS 

— 2 SECON06 ► 


ASSUME TIME DELAY |TDI - 0 1 SEC 

TOTAL BITS S3 (NTS * 82 BITS ♦ 82 BITS 

DATA RATE 

NET TIME 2 SEC 3 X TD 


DATA RATE - - 145 BITS PER SECOND 


8 - 8 ? 


EXAMPLE 6 


FCADA (NORMAL) SCAN 

Scanning of remote DSG for detection and reporting of any 
alarm, change of status, or out-of-limit value. 

Message transaction consists of a change of condition scan 
request and a response reporting on "no change, or change of con- 
ditions." Assumed time for complete transaction is 2 seconds. 
Message Transaction Type 2. 


MESSAOC TRANSACTION SEQUENCE 


M-R 

RM 


E8TAS INTO TERM ID 


TO 


_ __ 


• 82 WT8 


TO 


3 8EC0N0S 


REQUEST CHANGE DATA 
ESTAS INTO TERM ED 





ASSUME TIME DELAY (TO) - 0 1 SEC 


DATA RATE - 


TOTAL SITS 
NET TIME 


82 SITS ♦ St SITS 184 
3 2 (TDI "202 


DATA RATE - 91 BITS RER 9ECONO 


8-83 


Table 8. 4. 5. 4-1 

APPLICATION OF DSG TYPES FOR SCHEDULING 
AND AUTOMATIC GENERATION CONTROL 



SUIT ABU ITY TOR UNIT 
COMMIT Ml NT SCHfcDUl INCi 

SUITABILITY TOR AUTOMATIC 
CiTNTRATION CONTROL 

DM.i I YPL 

(DAY AND OR WTTK W HI N 
UNIT W ll l BTONOROTI > 

ioadFkFqulnCY 
CONTROl (1 1 C) 

economic dispatch 

CONTROL (EDO 


YIS 

NO 

l IMITTD 

YIS 

NO 

1 IMITTD 

YIS 

NO 

l IMITTD 

Solar Thermal 
Electric 

i 


\ C ondmonal 
on Weather 


\* 

X** 




Photovoltaic 



\ c ondmonal 
on W eat her 


\* 

V* 



X*** 

Wind 



X C ondmonal 
on Weather 


V 



X 


1 uel l ell 

X 



\ 



X 



Storage Hatters 

\ 



\ 



X 



Hxdroelecltic 
with Storage 
without Storage 

\ 


X l ondmonal 
on W ater Mow 

\ 

X 



X 


X 

( ogeneratton 



\ c ondmonal 
on Process, 

Plant Schedule 
and Power 
l tier gs C ontract 


\ 




X 


Noils 

•Solar thermal. photovoltaic, or wind generation impose additional regulating duty on oilier units perlorming 
l I t because ot tluctuating output due to vanable input \ arsing generation will appear as apparent “load lluc- 
tuations" on svsteni (degrades system regulation pertoitnancel 
••During steads input conditions (clear, sunshine davs) these units would be capable ol per tormina l It duty, but 
implementation will be dependent on cost henelit ellectiveness, 

•••During steads input conditions (cleat . sunshine dass) these units would be capable ol participating in l IX duls 
Howes ct, tor reasonable pas back period, maximum available etiergs production is expected to be an operational 
requirement 


» 
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Table 8. 4. 5. 4-2 


SUMMARY OF DATA RATE REOUIREMENTS 
FOR SIX INDIVIDUAL DDC-DSG FUNCTIONS 


Function 

Function 

Period 

Allowable 
Transaction 
Time, s 

Data Rate 
(bps) 

Periodic Update of Variables 

1 Hour 

30 

9.3 

Alarm Reportinq 

1 Month 

2 

197 

Scheduling and Mode Control 

1 Day 

300 

2.4 

Distribution Volt/VAR Control 

10 Minutes 

10 

16.7 

Automatic Generation Control, 
Load-Frequency Control Sub- 
function 

2 Seconds 

2 

145 

SCADA (Normal) Scan 

2 Seconds 

2 

91 


8.4.5. 5 Coimimnications to Small DSC Sites 


When the utility system is populated by small DSGs, the con- 
trol and monitoring and communication requirements chanqe charac- 
ter from those of a system with medium-to-larqe units. For small 
DSC units the utility may wish to apply only permissive and pro- 
hibitive sicmals to the local DSC, control system. If these simple 
enable-disable types of controls are used, they probably will not 
be sent more than a few times a day. In addition, for a small DSC, 
there are probably only a few status, alarm, or values that the 
utility may want to monitor. 

For small DSGs, the communications and data handlinq require- 
ments must be tempered by actual needs for utility distribution sys- 
tem operation and personnel safety as compared to enuipment costs. 

8. 4. 5. 6 DDC Information Processing 

The direction and coordination of certain communication system 
on-line operations related to DSC, control and monitorinq is the re- 
sponsibility of the DDC computer. The number of parallel data chan- 
nels required by the DDC computer is a function of the communica- 
tion channel capabilities, number of DSGs in the system, their lo- 
cations, and the amount of control and data per DSC,. In order to 
see the effect of communication load on the DDC computer, we can 
assume that the communications processor on the DDC computer is 30% 
efficient and that the data rate of the communication processor is 
50 K bytes per second. At 1200 bps for communication channel data 
rate, these numbers translate into a capability to accommodate about 
150 data channels. If each data channel handles an averaqe of 10 
medium-to-large DSC, sites, then the DDC can handle about 1,500 DSC, 
sites. 
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Assuming ths above to be correct, one can conclude that the 
data channel requirements of the communications processor is not 
a communication system constraint. The system limitation arises 
when the DDC computer i„ust place the data gathered by the communi- 
cations processor into a data base. 

A reasonably designed data base on a minicomputer can be ex- 
pected to perform about 250 data base accesses per minute. For a 
periodic scan, the DDC might be updating about 30 data items per 
medium.- to- large scale DSG every 15 minutes. The amount of time 
spent per DSG would be about 20 seconds; the DDC, therefore, could 
store the data for about 75 medium-to-large scale DSG sites. This 
is a worst-case assumption because it has been assumed that each 
data item requires a complete data base search and access cycle, 
when in reality this is not the case. 

The DDC data base would be used to provide input to system 
control and monitoring programs and to act as a data source for 
the operator functions. It is possible that when all of the DDC 
functions are enumerated (for this and other power system func- 
tions) , that a computer larger than the current minicomputer may 
be needed. However, for the case of just DSG control and monitor- 
ing, the current minicomputer is likely to be quite satisfactory. 
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8.5 OPERATIONAL REQUIREMENTS FOR D8Q NORMAL, ABNORMAL, 

AND EMERGENCY STATES 

Operation of D8Gs when they are in the normal, abnormal, or 
emergency states (which includes all possible DSG conditions) , 
will either directly or indirectly involve all major functional 
categories and their functions. However, since the other five 
major functional categories deal with functions of primary con- 
cern to them, this category (Section 8.5) will be confined to lo- 
cal DSG control, performance, and operating procedures. These 
operating functions ares 

e DSG control 

e DSG operating mode control 
e Personnel safety 
e DSG stability 

The relationships of these functions are shown in Figure 8.5-1. 
The DSG control function is at a higher, more comprehensive level 
than the DSG operating mode control which, in effect, is a sub- 
function of the DSG control. 

The DSG control function involves the overall local super- 
vision and direction of control activities of the DSG. DSG con- 
trol can range from very simple to very complex. The degree of 
complexity depends on the type of DSG, its system size, and its 
complexity. The ownership (utility, private, or joint ownership) 
will also influence the operating philosophy and requirements for 
local and remote control and monitoring. Considering that the 
DSG size may range from 10 kW to 30,000 kW, and that theowner- 
influenced operating philosophy and criteria can vary widely, 
the DSG control function scope can cover a wide range of require- 
ments. Basically, however, the DSG control function may accept 
inputs from local operator/maintenance personnel, DDC , and local 
DSG/distribution system conditions. By recognizing the priorities 
of these inputs, the DSG control function coordinates the required 
DSG control action and its initiation. In this respect, the DSG 
control function may be considered as a local "DSG master control." 
The actual form of hardware implementation, scope, and complexity 
will vary with DSG size, type, and ownership and could range from 
simple electromechanical relay logic to a minicomputer-directed 
DSG control system. 

The DSG operating mode control function is required to rec- 
ognize local conditions of both DSG and distribution system inter- 
face, to accept "DSG control" input commands, and to carry out 
mode control action. The basic DSG operating modes are ON, OFF, 
and STANDBY. Transition between OFF and ON, and ON and OFF are 
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Figure 8.5-1. DSG Functional Control Block Diagram 









called startup and shutdown respectively. Descriptions of DSC 
and distribution system states and DSG operating modes were pre- 
sented in Section 7. 

Under some emergency conditions other functions such as DSG 
protection may take direct action (i.e., opening the main circuit 
breaker for a short circuit condition) , which preempts all other 
functions and initiates a DSG emergency shutdown mode change via 
the DSG control function. In these situations, the DSG control 
function described above recognizes the condition, initiates a re- 
quest for the mode change, then subsequently reorganizes the DSG 
in preparation for the next event or mode control request. 

Once a local or remote operator or automatic logic decision 
is made to initiate a change in DSG operating mode, the DSG oper- 
ating mode control function initiates action by other subfunctions 
such as the startup function. 

Personnel saf ety is a vital operating consideration for both 
system operators and maintenance. / repair crews. DSG control, as- 
surance of its operating mode, and positive confirmation of the 
actual physical /electrical condition is required for personnel 
safety. To minimize the time required for service restoration, 
’•emote control and indication of DSG mode is deEirable as opposed 
to sending crews to perform local control required for personnel 
safety. However, certain OSHA regulatory requirements must be 
considered, and additional equipment and controls may therefore 
be required. 

DSG stabil ity is an operational condition which is dependent 
upon design parameters and characterist ics of the DSG system, the 
relative impedance of the DSG to power system connection, the 
proximity of other DSGs, and DSG controls. Thus, cons iderat ion 
of these factors in the DSG design and distribution system appli- 
cation engineering stages is required. 

Functional requirements for each of the subfunctions are 
given in the following descriptions. 

8.5.1 F UNCTIONAL NAME: DSG CONTROL 

Functional Description 

DSG control is the local control function which coordinates 
requests for action, reconciles them with local DSG conditions, 
and initiates proper action. Other local control and protection 
functions may in turn take directions from the DSG control func- 
tion and carry on these functions semi-independently . Thus, the 
DSG control is the outer local control loop shown on Figure 8. 1.3-1. 
The DSG control relationship to other local functions is shown in 
Figure 8.5-1. In this diagram, the relative importance of DSG 
control in the local control hierarchy is shown to be at the top 
level. Figure 8.5-1 also illustrates the dependency of the DSG 
control function upon inputs. There may be DDC , local operator, 
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and local information input* of various kind*. The local infor- 
mation will basically consist of DSG and distribution system state 
information and DSG system, subsystems, protection, and control 
information. 

While Figure 8.5-1 shows the functions and functional re- 
lationships generically, the intention is not to imply complexity 
of hardware or software/ logic requirements. The degree of hard- 
ware/software complexity must be balanced from an economic and 
practical standpoint with type, size, and ownership requirements 
of the DSG as criteria. From a hardware/software standpoint, the 
DSG control for a customer-owned 10 kW wind energy conversion DSG 
may be a single electromechanical master control relay with push- 
button, remote-control permissive contact, and local emergency 
shutdown/lockout contact inputs. At the other extreme, the DSG 
control function for a 10 MW solar thermal electric DSG plant could 
be software imbedded in a DSG master control and data acquisition 
minicomputer system. This minicomputer could also be performing 
complex system and subsystem control functions as well as data 
acquisition, display, operator interface, and SCADA functions. 

In its supervisory and directory function, the main purpose 
of the DSG control function is to assimilate all pertinent inputs 
and to initiate appropriate control action. Major subfunctions 
which the DSG control function initiates and/or modifies ares 
DSG operating mode control, power control, voltage control, other 
subsystem controls, and blocking of main DSG switching via protec- 
tive and synchronizing functions. 

Input or Processed Data 

Direct inputs to the DSG control function may involve the 
following : 

• Local operator commands and control requests 

• DDC command and control requests 

DDC operator 

DSG scheduling and mode control 
- DSG automatic generation control 
Distribution volt/VAR control 
Personnel safety 
Security assessment 
Load control 

• Local inputs from: 

Protection 

Instrumentation 

Subsystem control feedback 

(Refer to Figure 8.5-1) 
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Output Control and Data 

DSC control function output* «r« provided to» 

• DSG operating rood# control (function) 

• Blocking control of main DSG/diitribution system inter- 
face switching via DSG protaction function 

a Blocking of synchronizing function 

a Power control 

a Voltage control 

Interaction with Other Function* 

Primarily the interaction* with other function* are comprised 
of the input* and output* Hated c.bove. Basically, the DSG con- 
trol i* the highest control logic level at the DSG, and it inter- 
act* by responding to inputs and, a* possible, initiate* local 
control action to carry out local, and/or remote operator command 
and control requests, and DDC automatic command and control requests. 

Special Requirements 

Each type of DSG will have different detailed requirements 
for the implementation of the DSG control function since this 
function is closely related and integrated with subsystem controls 
and the DSG master control and data acquisition hardware and soft- 
ware. The DSG control complexity is also a variable related to 
DSG size and the proportion of costs which are economically justi- 
fiable. Ownership (utility, private, or joint ownership) will af- 
fect the form of control inputs and the relative priorities and 
weighting of input requests and information. These special DSG 
control requirements should be defined as part of DSG master con- 
trol and data acquisition hardware and software specifications. 

Some conceptual and preliminary design effort on this function 
appears to be desirable. 

8 . 5 . 2 FUNCTIONAL NAME: DSG OPERATING MODE CONTROL 

Functional Description 

The DSG operating mode control function acts in response to 
a mode change request from the DSG control function. In carrying 
out a mode change (i.e., from OFF to ON condition), the DSG oper- 
ating mode control function monitors local DSG system and subsys- 
tem conditions, initializes control settings, and directs mode 
changes. In effecting mode changes, predefined sequencing logic 
for the startup and shutdown transitions between operating modes 
is employed. These logic sequencing functions are, in essence, 
functions of the DSG operating mode control. Start capability 
is described in Section 8.7.1. The DSG operating mode control 
and, more generally, the DSG control have detailed local relation- 
ships which are specific to each type of DSG. In Appendix A 
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of thi* report, a deecription of *y«tem control 1* included for 
each selected DSG technoloqy. In a generic sense, the relation- 
ship of the DSG operating node control to the overall DSG control 
hierarchy is shown in Figures 8.2-1 and 8.5-1. 

The following discussion illustrates the interrelationships 
involved in DSG operating mode control with other DSG functions. 

DSG modes are DSG operating/distribution conditions, which are 
identified as ON, OFF, and STANDBY. 

These modes are defined as follows: 

e ON - The DSG is in operating condition, "running," 

and electrically connected to the distribution system. 

In this condition, the DSG will normally be generating 
electrical power, or will be absorbing it as in the 
case cf a storage battery. 

e OFF - The DSG is electrically disconnected from the 
distribution system at the DSG-distribution system 
interface, and it is shut down or, inactive, not 
"running. " 

e STANDBY - The DSG is in an operable condition, ac- 
tivated, "running," but not electrically connected 
to the distribution system. 

DSG mode changes carried out by the DSG operating mode con- 
trol function involve transitions from OFF to ON, and ON to OFF, 
called startup and shutdown. Since these mode transitions in- 
volve complex and critical local DSG control, instrumentation and 
equipment interactions, the DDC will not be involved in the startup/ 
shutdown sequencing logic. At most, the DDC may direct a semi- 
automatic startup where startuo is performed in a few major steps. 
Special functional requirements related to startup mode transition 
and coordination with the distribution system are described in 
Section 8.7.1 of this report. 

The determination of the DSG operating mode is in f luenced by 
a number of factors which include: 

• DSG state 

• Distribution system state 

• DSG schedule 

• DSG energy resource 

• Private owner decision 

The DSG and distribution system states have a direct effect 
on the DSG mode and, in other than normal states, the need for 
DSG mode control can be urgent. Possible DSG and distribution 
systems states re: 
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• DSC states: 

Normal 
Abnormal 
Emergency 
I rope ruble 

• Distribution system states: 

Normal 
- Alert 


Hmoruenoy 
I n-Kx t remis 
Restorative 

While both DSCs and tin* power system are expected to be in 
the " normal" state tor nearly 100v ot the time, it i3 the other 
states which to. juiie extensive planninu and design provisions for 
sate operat ion, Then' are a lame number of comb inat ions for 
conditions at tool inn DSC operatinn modes and. the ititeraction with 
powei system operat ions and these re! itionships between DSD modes. 
DSC states, and disti llnition system states are described in Sec- 
t ion 7 ot this 1 epoi l . 

The tav’toi s mvolvinu DSC schedule, DSC onorny resource and 
piivato ownet decisions renuvdinn DSC opi*rat ion are dismissed in 
dec* ion 8.J. », "DSC Schodu l i n«t and Mode Control," ot this report. 

It ... noted t lial the private ownership arraiuiement adds another 
vlimension (de.jree ot complexity) to the determination ot opeintinu 
mode selection s 1 nee .mot hei set ot tu.lnment and decision criteria 
a le involved. 

Conttol vlecmioiiu lonurdinu the DSC oporatinu modes may ori.j - 
m.ite at I'ither the DDC or hval Ddtl level. In bulk power 't rans- 
iiussiou "eme i nency " ot " m-ext reniis" stall's, the UMS may originate 
areas DSC mo.le chaiiai' to.juosts as iliscussed in Sect ion 8.J. Under 
normal DSC and distribution system states, mode control lo.jic ot 
informal ion relate., to unat tended scht'dulable DSd.s will oi initiate 
in tile DDU schedulina and mode control futict ion (desoi ibed in Sec- 
t ion 8.J). For intermittent onorny resources (i.e., wind and 
solui without stern. to) , a DDC permissive type cent rol command may 
be employed. This, in effect, would aive or deny permission for 
the local DSC control to ao on-line, subject to local enemy re- 
source availability or other conditions. Small privately owned 
DSCs may not be subject to DDC schedulina and mode control and 
have only local owner, manual DSC control. Thus, a wide ratine of 
DSC control initiation conditions may be encountered, and control 
responsibility assiunment will be dependent on factors such as: 

• DSC conditions 

• Distribution system conditions 
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• DSG ownership 

• DSG size and type 

e DSG location (remoteness) 

e DSG interrelationships with other DSGs or system 
elements 

Input or Processed Data 

e DSG control function (initiates request for mode 
change 

e DSG system, subsystem, and control information 
e DSG - distribution system interface information 
e Distribution system conditions 

Output Control and Data 

e Command ''/signals to DSG startup/shutdown subfunctions 

e Data concerning normal and abnormal mode change 
sequencing 

Interaction with Other Functions 

The DSG operating mode control function interacts directly 
with the following functions: 

e DSG control 
e I ‘ Tumentation 
e Protection: DSG 

e Local DSG subsystem controls 
e Start capability 
e Stand-Alone capability 

Indirectly, the DSG operating mode control interacts with the 
following functions (via the local DSG control function) : 

• Local DSG operator 

• DDC (DSG command and control) 

• DSG scheduling and mode control 

• Load control including restoration 

• Personnel safety 

• Security assessment and control 
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Special Requirements 

Reqardinq the general topic of DSC. mode control, coordination 
of DSG and distribution system operating conditions and contrac- 
tual/operational relationships for DSG private ownership are re- 
quired, The degree of coordination required is related to control 
responsibility f ictors and to the quantity of DSGs installed on 
the distribution system. Personnel safety is also a primary con- 
cern, requiring careful attention to both mode control authoriza- 
tion and implementation. Coordination of DSG and distribution 
system operation can be a relatively complex matter when a sig- 
nificant number of DSGs of various types and sizes are installed 
on a distribution system. Further study is warranted to examine 
DSG mode control for high DSG capacity penetration on electric 
utility distribution systems. 

8 . r > . 1 FUNCTIONAL NAME: PERSONNEL SAFETY 


Func L i onal Dose r ipt ion 

Personnel safety is everyone's concern. For the operating 
and maintenance crews, it is a physical concern, anti the final 
implementation of safety rests with them. However, the overall 
direct ion and coordination of work and safety is the responsibility 
of the DDC. Personnel safety is represented in Figure 8 . 2 - 1 as a 
DDC function. 

A principal concern with DSG is for the safety of both util- 
ity and customer personnel. It is necessary that the presence 
ot DSG systems on utility systems not result in any hazard to per- 
sonnel during the various modes ot operat ion or states of the DSG 
and distribution system. 

From an information standpoint the personnel safety t unction 
is related to the distribution SCADA system which collects data, 
indicates to the DDC whether the DSGs in a given area are oper- 
ating and indicates the status of switches or circuit breakers 
at each DSG location. Supplied with critical DSG and distribu- 
tion system information, the DDC operator i n charge can perform 
tagging and identification of circuits and equipment on which 
crews are working and can direct work and repair crews in a safe 
maimer. To comply with certain regulatory requirements (OSHA) , 
additional equipment such as grounding switches may have to be 
added to distribution DSG systems. 

I npuj. or Processed Duj.a 

Relative input data: 

• Switch ami circuit breaker position status 

• Operator input (tagged status on feeder breakers and 
switches and those at DSG location) 

• DSG operating mode indication to DDC and local DSG: 

ON, OFF, or STANDBY 


Output Control and Data 

Relevan output data: 

• On/Off command to DSG 

• Tagged status indication to DDC, or DAC 

• Inhibit command for DSG synchronizing depending on 
connection to distribution system 

• Tagged switch location 
Interaction with Other Functions 


Functional interaction: 

• Display and recording 

• Protection: substation, transformer, feeder 

• Communication 

• Information processing 

• DSG operating mode control 

• DSG command and control 

• Distribution SCADA 

• Protection: DSG 

• Start capability 

S pe cial Re quirement s 

Positive visible grounding of equipment with a possible gen- 
erating source may be required, and this safety requirement needs 
further investigation and definition. 

Hoc losing out-of-phase is a potential hazard to equipment 
and personnel. Moans of avoiding this potential hazard should be 
provided. 

Personnel safety practices and operating procedures will have 
to be completely reviewed with the introduction of DSGs on the 
distribution system. DSGs will introduce a source of backfeed to 
circuits disconnected at the substation and traditional "radial 
circuit" operating and personnel safety practices will have to 
be revised. j 

8.5.4 FUN CTIO NAL NAMF : _ DSG_ STA B1LI TY 
Functional Descripf ion 

When an induction or synchronous machine is operating in a 
steady-state condition, there is equilibrium between the power 
input and output.* System disturbances cause oscillations of power 


flow which must be critically damped to maintain DSG system sta- 
bility. Problems of p>wer system stability resolve into the 
question of whether _ne electrical system is capable of holding 
two or more machines in synchronism (or at rated speed for induc- 
tion generators) and without undue oscillation so that this bal- 
ance is maintained. Transient stability conditions are generally 
studied by simulating models of the machines and the power system 
before, during, and following system disturbances, (e.g., due to 
fault clearing or load control) . Steady-state stability condi- 
tions may also be studied to determine power transfer capability 
of the system. 

From steady-state, dynamic, and transient stability studies, 
it is possible to determine a range of DSG and distribution sys- 
tem characteristics that may be used as design parameters for sue 
cessful DSG stability performance. 

I nput or Processed Data 

For DSG stability analysis (not on-line control) , input data 
is required. Typical required information consists of DSG and 
distribution system characteristic imoedances, DSG inertias, DSG 
power conversion system characteristics , distribution system cir- 
cuit configurations, and load characterist ics . 

Output Control and Data 

There is no on-line DSG stability control other than that 
designed into the DSG excitation system durinq the DSG and dis- 
tribution system design and application engineering stages. Ex- 
citation control assisting in synchronous generator dynamic sta- 
bility limits tends to be a complex control function and might 
not be economically iustifiable except for larger DSGs. 

Interaction with Other Functions 


In the event of DSG instability, action is required to dis- 
connect the DSG from the distribution system. This involves: 

• Protection: DSG 

• Protection: substation, transformer, feeder 

Special Requirements 

A unique problem associated with wind turbine generators, 
compared to other types of DSGs, is the rapidly fluctuating nature 
of the input torque due to wind gusting. This can produce insta- 
bility as well as voltage fluctuations and should be considered 
for the specific site and DSG system design involved. 
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8.6 FAILURE AND ABNORMAL BEHAVIOR DETECTION 
AND CORRECTION REQUIREMENTS 

Failure and abnormal behavior can occur within the DSG system 
or in the distribution system, and these conditions in one can cause 
adverse effects in the other. Failure and unusual conditions can 
be associated with DSG abnormal and emergency states and the dis- 
tribution emergency state.* These conditions or states are asso- 
ciated with equipment, component or circuit overloads, incipient 
faults, or actual faults or failures. While abnormal states, such 
as overloads, may be tolerable for a short time, they usually must 
be corrected or isolated to prevent harmful effects. Failures, of 
any degree, require immediate isolation to prevent extensive damage, 
cascading effects, or personal injury to workers. Prompt detection 
and appropriate (i.e., selective) isolation of equipment, subsystems, 
a complete DSG system, or parts of distribution systems are usually 
involved in corrective action. Protective systems used to perform 
these functions include detection devices and/or logic functions, 
such as those provided by protective relaying, and power switching 
devices, i.e., fuses, reclosers, switches and circuit breakers, 
safely isolating the abnormal or failed elements. 

The function of "protection: substation; transformer and 

feeder" in electric utility systems with centralized generation 
facilities has mainly been concerned with unidirectional current 
flow. Load and far It currents both originate from bulk generation 
transmission "power sources" and flow toward the distribution sys- 
tem loads. With the addition of DSGs to the distribution system 
at the distribution substation level and below, bidirectional cur- 
rent flow may occur. In the past unidirectional current flow per- 
mitted relatively simple time-current coordination for fault de- 
tection and circuit/equipment protective devices. With the addition 
of DSGs the traditional distribution system substation, transformer, 
and feeder protection schemes may have to be revised to accommodate 
DSGs at this level. Therefore, more complex protection schemes 
similar to those used on the bulk generation/transmission system 
may have to be used. 

Where multiple generation sources and transmission system in- 
terconnections cause bidirectional current flows, "zone" protection 
schemes are in common use. A set of protective equipment is de- 
signed and assigned to protect a specific equipment or circuit 
segment. The zones of protection are usually overlapped with time 
coordination, if possible, and if warranted, both local and adja- 
cent backup protection is provided to assure prompt fault isolation 
and minimization of the extent of the outage. 

The "protection of DSGs" is primarily an onsite responsibility 
with the objective of equipment and personal protection of person- 
nel and the prevention of undue disturbances to the distribution 


*Section 7, "Major Operating Modes and States" 


8-98 


system. Within the DSG system protective equipment is usually as- 
signed to guard specific equipment or circuits and, therefore, a 
minimum of equipment or DSG system is deactivated for fault con- 
ditions. Internal DSG system protection and controls are inher- 
ently incorporated in the DSG system and subsystem design and are 
specific to the type of power conversion and power conditioning 
systems. The degree and complexity of the internal DSG protection 
systems will be related to the size and complexity of the DSG. 

The cost of DSG protection must maintain a reasonable balance with 
the cost of the DSG. 

The DSG protective systems will detect internal DSG faults 
and isolate them from the distribution system to prevent unneces- 
sary distribution system outages from the operation of backup pro- 
tection on the distribution system. Conversely, to protect the 
DSG from prolonged distribution system faults or sustained abnormal 
conditions, backup protection should be incorporated in the DSG 
protection system to protect it for these conditions. 

For the integration of DSGs into the distribution system the 
primary concern will be with the DSG distribution system interface. 

This will require coordination of both DSG and distribution system 
protection systems and the functional overlapping of these two basic 
protective systems. Conceptually, this is illustrated in Figure 8.6-1. 


LOGIC 

LEVEL 


POWER 

LEVEL 



Figure 8.6-1. Coordination of DSG and Distribution Protection 
Functions 
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8.6.1 FUNCTIONAL NAME: "PROTECTION: DISTRIBUTION SUBSTATION, 

TRANSFORMER, AND FEEDER * 

Functional Description 

Distribution substation* contain switching equipment to iso- 
late a faulted circuit or transformer automatically from the re- 
mainder of the system. From the substation distribution circuits 
radiate to serve the surrounding area. 

The principal components of a distribution substation are 
high- and medium-voltage switching equipment and transformers. 
High-voltage switches, circuit breakers, protective systems, and 
associated controls are necessary for system operation, the detec- 
tion of abnormalities, and the rapid isolation of faulted segments 
of the system. 

In general, the substation circuit breaker will open within 
a fraction of a second in the event of disabling trouble on a 
feeder and immediately reclose. If the trouble was of a transient 
nature, such as a lightning flashover, all service would be re- 
stored, and the only effect to customers served by this feeder 
would be a momentary interruption of less than a second. In the 
event the trouble on a lateral circuit is not transient, the fuse 
or sectionalizing device would isolate the faulty lateral from the 
main feeder. 

In the event that disabling damage occurs to the main feeder 
the entire area served by the feeder will be without service until 
the faulty section is isolated. Service may be restored to the 
remaining sections by switching to alternate sources if available. 

If alternate sources are not available beyond the point of trouble, 
service cannot be restored in the faulty section, and beyond, until 
repairs can be made. 

In general, the present substation, transformer, and feeder 
protection is based on a radial system with the equivalent source (s) 
of generation at the primary of the distribution substation transfor 
mer. The addition of DSGs to the distribution system, at the dis- 
tribution substation level or below, requires their removal for 
faults involving their particular associated substation, transformer 
or feeder. In the event of an unsuccessful reclosing, the resyn- 
chronizing of the DSG would have to take place after successful 
fault isolation. This assumes that the DSG is on the unfaulted 
section. 

Overload protection is normally provided for the substation 
transformer by temperature relays. Feeder circuit breakers offer 
limited feeder overload protection with tripping at 200 to 300% 
of full load being a typical practice. The addition of DSGs able 
to be scheduled can relieve feeder and substation overloads through 
scheduling from the DDC to increase DSG output. 
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Input or Procesaed Data 

Input or processed data can aid protection in the following 

ways: 

e Indication of the successful reclosing of the feeder 
breaker 

e Indication of the completion of fault isolation 

e Operator limits on allowable feeder section and trans- 
former current and voltage magnitudes 

e Feeder, transformer, and feeder section loads - each 
30-60 minute interval. 

Output Control and Data 

Output control and data contribute to protection in these 
areas: 


• DSG main circuit breaker (for utility-owned DSG)* 

• Alarm overload on feeders, sections, and substation 
transformers 

Interaction with Other Functions 


The interaction of protective operations with other functions 
includes: 

• Feeder fault isolation and service restoration 

• Commun i cation 

• Information processing 

• DSG operating mode control 

• DSG scheduling 

• Instrumentation 

Special Requirements 

Once a feeder has been disconnected from the distribution 
substation, additional protection is required to prevent the feeder 
circuit breaker from reclosing out-of-phase with a DSG located on 
that feeder if it is operating in an isolated condition. A possi- 
ble solution would be to disconnect the appropriate DSG(s) for 
substation, transformer and feeder faults, (i.e., go to standby 


*See "Special Requirements" 
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mode) and only permit reeynehronizing of tha DSG to tha distribution 
system after the feeder breaker has sucessfully reclosed. An over- 
ride for permitting resynchronising might be available from the 
DDC if no danger to the safety of personnel is involved. 

The momentary and interrupting ratings of interrupting and 
sectionalizing devices might have to be increased, depending on 
the size and number of DSGs and where they are located on the dis- 
tribution system. 

For customer-owned DSG the utility might have the option of 
controlling the DSG breaker or the customer's main breaker. From 
the standpoint of providing distribution protection, the control 
of either breaker will provide the same function. However, the 
availability of either breaker for tagging by utility line crew 
personnel may limit the selection. 

8 . e . 2 FUNCTIONAL NAME: "PROTECTION; DSG M 

Functional Description 

The DSG protection generically consists of sensing conditions, 
detecting abnormalities or fail • ■; , and initiating action to: iso- 
late the source of trouble, p> equipment from damage, and pro- 

tect personnel. In the broadt . c 'nse, protection of a DSG plant 
or unit would include protect all electrical and mechanical 

operating systems and equipment. However, in regard to power con- 
version, power conditioning and auxiliary systems and equipment, 
subsystem protection and controls normally will have appropriate 
protection functions included in their design scope, and specific 
protection devices for individual equipments are usually included 
for abnormal or failure conditions as indicated by temperature, 
pressure, and electrical values. 

Therefore, the DSG Protection function, associated with DSG- 
distribution system integration, will be primarily concerned with 
the DSG distribution system electrical interface and equipment im- 
mediately associated with this interface. The DSG utility inter- 
face can have various configurations from simple to complex. The 
DSG protection function is shown on Figure 8. 5. 1-1. 

There are two major categories of DSG protection which may be 
described as "initiating" and "blocking" actions. These two cate- 
gories can be identified by what they do and the conditions which 
are associated with them. They are as follows: 

• Initiating actions isolate faults or remove equipment 
from service. Conditions for which automatic protective 
action (initiation) is required are: 

- Short circuits 

- Overvoltage - steady state and transient 

- Undervoltage 

- Underfrequency 
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• Blocking action* prohibit or prevent the act of DSG - 
Oti iityelectrical connection. Conditions, causes, or 
reasons for imposing blocking action are: 

- The DSG and the utility not in synchronism 

- The DSG and the utility not in proper condition for 
synchronising 

- Fault conditions on the distribuvlon system 

- Personnel working on the distribution system 

The major hazard involving electrical equipment is a "short 
circuit," which is usually caused by an insulation failure. It is 
necessary to interrupt the flow of current to such a failure in the 
shortest practical time, and if possible remove only the faulty 
portion of the system without removing service to other parts of the 
system. For a DSG which consists solely of one generating source, 
a short circuit in the DSG utility interface or in one of the main 
DSG equipments will result in the disconnection and shutdown of the 
DSG. However, a multi-unit DSG plant or a cogeneration plant with 
redundancy in the DSG utility interface configuration may be able 
to continue operation following a fault, and successful fault 
isolation. In addition to short circuit faults, there are other 
conditions which can cause damage or shortened equipment life if 
they are allowed to persist. These are conditions of overvoltage, 
undervoltage, and underf requency . The DSG protection system senses, 
detects, and interrupts/isolates appropriate equipment for the DSG 
or the DSG distribution system interface faults and abnormal con- 
ditions. For distribution system faults and abnormal conditions 
which are not promptly removed, time-delay backup protection may 
be required in the DSG protection system to protect the DSG. 

Briefly, the protective system is described as follows: 

• Sensing and detection of fault or out-of-limits con- 
ditions are done by protective relays or fuses. These 
are commonly called circuit protective devices. The 
actual disconnection of faulty system equipment or 
elements is done by circuit breakers or fuses. The 
over-all arrangement of protective relays and fuses is 
commonly referred to as a "protective system." An 
overall "picture" of the protective system and the main 
electrical system elements connected by circuit breakers 
or fuses is usually prepared and is called a one line 
diagram. Instrumentation and metering devices are 
often shown on this one line diagram. 

In regard to blocking the following description is given: 

• Blocking is the act of prohibiting control action to 
connect the DSG electrically to the distribution sys- 
tem. The blocking function involves either local 
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sensing of unacceptable conditions or a control center 
derived decision to order "blocking" of the DSG dis- 
tribution system connection. The sense in which the 
term blocking is used in this latter description would 
normally apply to a DSG which was in a standby mode 
or in transition from off to on (startup). Blocking 
could also include the prohibiting of startup initiation. 

In synchronising the DSG with the utility system, 
blocking is a subfunction of the synchronising sequence 
whereby the connection of the DSG to the utility is pre- 
vented when voltage difference, electrical phase angle, 
rate of change of frequency or frequency is not within 
acceptable limits. Synchronisation is described in 
Section 8.7.2. 

With the distribution system operation DSG blocking 
is initiated when distribution system conditions are 
aggravated or the personal safety of personnel com- 
promised or threatened by the connection of the DSG to 
the distribution system. Examples ares (1) a fault con- 
dition on the distribution circuit to whir'- the DSG is 
normally connected; (2) personnel working to restore a 
faulted distribution system circuit or equipment which 
is energized by the connection of the DSG to the dis- 
tribution system. 

Input or Processed Data 

"Protection: DDS" functions as follows with input or processed 

data : 


• Locally sensed voltage, current, and frequency values 

• Locally sensed or detected fault and abnormal conditions 
on the distribution system 

• Control center blocking orders (command) 

C ontrol Output and Data 

Another protective function is to regulate output and data in 
the following ways: 

• Control action to cause circuit breakers and/or switches 
to operate 

• Control action to prevent DSG-utility connection 
(blocking action) 

• Data identifying fault detection protective system 
operation (local DSG and DDC) . 
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Interaction with Other Function* 


Other "Protection* DSC" interaction* are with the following* 

• Safety of per*onnel 

• DSG command and control 

• DSG operating mode control 

• Distribution SCADA 

• Communication 

• Information processing 

• Protection: substation, transformer, feeder 

• Start capability 

• Synchronization 

• Load control including restoration 
Special Requirement s 

There may be special requirements associated with particular 
or unusual DSG utility interface configurations. Revised distri- 
bution protection schemes may be needed for integration of DSGs 
to accommodate bidirectional load and fault current flows. Con- 
ventional unidirectional distribution system protection schemes 
may not be able properly to protect equipment, circuits, and per- 
sonnel when DSGs are added to conventional distribution system 
conf igurat ions . 


8-105 


8.7 SPECIAL D8Q CONTROL REQUIREMENTS 


Special requirement* are local DSG control and monitoring 
function* that are required for incorporation nnd integration 
of DSG* into a utility power distribution system. These special 
functions are: 

e Start capability 
e Synchronization 
e Stand-alone capability 

These functions involve actions that relate to the DSG's abil 
ity to operate as an attended or unattended, manual, semiautomatic 
or automatic unit or plant. The special functions interact and 
interface with other functional categories, involving functions 
such as: 

e DSG power control 
e Instrumentation 
e Distribution SCADA 
e DSG operating mode control 
e Personnel safety 

• Protection: DSG 

• Protection: substation, transformer, feeder 

The relationships of the special DSG control functions to 
each other and to other monitoring and control functions at the 
DSG are shown in Figure 8.7-1. 

Start capability involves local DSG automation for acc -.plish 
ing the transition from OFF to STANDBY, and from OFF to ON modes. 
The complete startup procedure for the DSG is included in the 
start capability function and includes startup of major power 
conversion, power conditioning, energy storage, auxiliary, and 
ancillary systems necessary to bring the DSG to the ON mode. 

The degree of start capability automation can be affected by the 
type of DSG, its ownership, and size. Start capability may be 
manual, semiautomatic, or fully automatic. 

Synchronization is a necessary part of the transition to the 
ON mode. Synchronization is required for s ichronous machines 
and static inverters, and for unattended DSGs synchronization 
will be performed automatically as the final step in the transi- 
tion from OFF to ON and from STANDBY to ON modes. In addition to 
synchronization being performed automatically, it may also be 
performed by a local operator if appropriate controls and instru- 
mentation are available. Synchronization requires that the fre- 
quency of the DSG ac voltage and the frequency of the distribution 
system be essentially the same and that the relative phase angle 
between them be within a few electrical degrees. When these 
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conditions are met, the main circuit breaker (or switch) is closed, 
thereby connecting the DSG to the distribution system. 

The stand-alone function involves the operation of one or more 
DSGs that supply a portion of the distribution system that is not 
connected to the major generating sources of the power system. 

This configuration is also referred to as an "island. " This re- 
quires coordination of related functions of power, load, voltage, 
and frequency control. The primary concern is that cynchronous 
DSGs that are isolated from the utility distribution system be of 
sufficient capacity to provide the connected load and to maintain 
inter-DSG stability. For a single DSG-load combination the situa- 
tion is relatively straightforward. As the number of interconnected 
DSGs, loads, and electrical interconnections in an "island" in- 
creases, the problem can become very complex. In addition DSGs may 
tend to be relatively low-inertia-constant sources, and this will 
tend to result in poorer inter-DSG stability under isolated con- 
ditions. Stand-alone capability for a group of DSGs would probably 
require some form of load control and automatic generation control 
(AGC) from a centralized source such as the DDC. 

8 . 7 . 1 x ^NOTIONAL NAME : START CAPABILITY 

Functional Description 

Start capability refers to the ability of the DSG to be 
started manually, semiautomatically , or automatically. This then 
determines whether an operator is required for this function. 

The start, capability involves the preconditioning and startup 
of all necessary major, ancillary, and auxiliary systems necessary 
to bring the DSG from the OFF to the ON mode. 

As foreseen for medium- to large-sized DSGs solely owned by 
the utility and at the commercial stage of development, the DSGs 
will be capable of unattended, automatic operation. Thus, auto- 
matic startup would be required for these DSGs. The exception 
would probably be a cogeneration type of DSG that, because of its 
dual purpose, tends to be relatively complex in equipment and oper- 
ational coordination of both electricity and heat production. This 
will be generally true of privately owned cogeneration facilities 
and jointly owned (utility-private company) DSGs that involve in- 
dustrial processes. For cogeneration involving the production of 
electricity and space heating (commercial or domestic) , it may be 
possible to automate this type of cogeneration DSG, depending on 
the type of primary energy. 

Starting involves all of the safe and or; •*'ly steps required 
to make the transition from the OFF mode to th ; ON mode (as de- 
scribed in the operating modes function description). 

In general, startup is a relatively complex set of sequential 
operations with, appropriate checks, involving DSG unit or plant 
auxiliaries and the major power conversion, power conditioning, 


and power switching equipment. The relative complexity will vary 
with the type of DSG and increasing order of complexity would pro- 
gress from a hydro to solar thermal electric to cogeneration DSG. 

For automatic or semiautomatic f - ?tup, the sequencing and 
checking operations would be perform*. . ■' the startup control func- 
tion : 


This function can be accomplished by separate logic and actu- 
ator equipment or may be incorporated as an integral part of the 
DSG master control. Thus the hardware/software can take many forms. 
The startup function is initiated by the DSG operating mode con- 
trol, which makes prostartup checks and coordinates local DSG dis- 
tribution system conditions. Once initiated, the startup sequence 
proceeds to its normal conclusion o r electrically connecting the 
DSG to the distribution system. 

I nput or Processed Dat a 

This category includes all pertinent DSG parameters such as: 

• DSG operating mode control signal 

• Primary energy source status and measurements 

• Power conversion system status 

• Unit/Plant auxiliary status and measurements 

• Power conditioning system status and measurements 

• l.nergy storage system status and measurements (if 
appl i cable) 

• Power switching equipment status 
Output Control and Data 

The startup control will transmit appropriate control signals 
plus the DSG subsystem's controls and DSG auxiliary system controls 
to perform the necessary operations in the correct sequence. 

The startup function will provide startup status progress to 
the DSG master control and data acquisition function and in turn 
this information is presented to the SCADA and communication in- 
terface for transmission of this information to the DDC. This 
information will provide status of a normal startup progression or 
an aborted startup with appropriate diagnostic information in the 
latter case. 

Interaction With Other Functions 


The startup function will interface with the following func- 
tions : 
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• Directly 

A. DSG Operating Mode Control 

B. DSG Command and Control 

C. Protection 

D. Synchronization 

• Indirectly: 

A. DSG Scheduling 

B. Load Control Including Restoration 

C. Distribution SCADA 

D. Communications 

E. Information Processing ( DDC) 

F. Personnel Safety 

Special Requirements 

Each type of DSG will have specific startup functional require 
mencf. as related to the primary energy source, power conversion, 
power conditioning, ancillary, and auxiliary systems. These re- 
quirements are inherently part of the DSG power and control systems 
design and mainly require interface definition with DSG operational 
mode control function and equipment. 

8 . 7 . 2 FUNCTIONAL NAME : SYNCHRONIZATION 

Functional Description 

The synchronization function involves matching of the DSG 
frequency and voltage phase angle to that of the distribution power 
system and connecting the DSG to the distribution system. This is 
normally done by automatic synchronizing logic/equipment. However, 
local-manual synchronizing may also be provided. The DSG is con- 
nected to the distribution system via the DSG-utility power switch- 
interface. The synchronizing function is normally a subfunction 
of the startup function and interrelates to other subsystem con- 
trol functions, particularly the "speed/frequency" control subsys- 
tem. The specific related subsystem controls involved are depend- 
ent on the type of DSG, i.e., rotating equipment or static inverter 
Automatic synchronizing control actions are directed by local 
control elements. Control of synchronization in a "remote-manual" 
control sense from a remote control center is not practical. 

Certain types of DSG will utilize induction types of generators, 
and these do not require exact synchronization prior to electrical 
connection of the DSG to the power system. Also, some types of 
DSGs may require a motor action ("crankup") type of startup that 
involves connecting the DSG generator to the power system as a 
motor for start up of the generator to approximately synchronous 
speed. These are considered special cases. 
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Input or Processed Data 


All inputs originate locally for this local DSG automatic 
control function. The major functional relationships are with 
the startup and the DSG operating mode control function. Local 
inputs to the synchronizing function are: 

• DSG protection: 

A. Permissive conditions 

• Voltage: 

A. * DSG 

B. Distribution system 

• Frequency: 

A. DSG 

B. Distribution system 

• Power switching equipment: 

A. Main circuit breaker status 

Controlled Outputs 

Outputs are both control and status data. They are: 

• Control signals to speed/frequency control subsystem 
(increase or decrease speed/frequency) 

• Status of frequency match/mismatch (Hi-Lo) 

• Value of relative frequency mismatch, data, and/or 
display 

• Control signal to close main circuit breaker 

Interaction With Other Functions 

Interaction of the synchronizing (sub) function is primarily 
with the local Startup and DSG operating mode control functions. 
Local DSG protection function provides permissive condition. 

Special Requirements 

Special requirements will involve specific synchronizing in- 
terface arrangements for the different types of DSGs as required 
by their power conversion and power conditioning control subsystems. 

8 . 7 . 3 FUNCTIONAL NAME : STAND-ALONE CAPABILITY 

Functional Description 

Stand alone capability is the ability of a DSG (or an inter- 
connected group of DSGs) to operate and serve associated electrical 
loads on an isolated part of the distribution system. In this 


in extremis distribution system state there is no connection to 
the main power system generating sources. This stand-alone capa- 
bility has several basic requirements and/or implications. The 
most fundamental requirement is that the DSG electric power con- 
version/conditioning equipment be self-excited, or self-commutated , 
thereby being capable of producing a 60 Hertz voltage output. This 
implies synchronous or permanent magnet generators and self-com- 
mutated inverters. Some types of DSG power conversion/power con- 
ditioning equipment will not be capable of this stand-alone opera- 
tion by their very nature. Examples are induction types of 
generators and line-commutated inverters. 

In addition to being self-excited or self-commutated, stand- 
alone capability requires that the connected electrical load will 
not exceed the power output capability of the DSGs. This is easily 
determined if it is a single site, directly connected, known load 
associated with the DSG. Expansion of the configuration to accom- 
modate multiple loads with one or more DSGs introduces complication. 
The basic requirement of electrical load not exceeding DSG capacity 
still applies but may require automatic or manual load management 
to ensure this condition. For example, a feeder with a DSG could 
conceivably serve several or many residences, but there would be 
a limit to the connected load, and the limit would probably have 
to consider that all load diversity could be absent. 

There is another degree of "stand-alone" operation, and that 
could include a whole "island" of a distribution system that is 
isolated from the remainder of the main distribution system. This 
becomes even more complex and would probably require supplementary 
automatic generation control and load control capability at the 
DDC for such an "island." 

There may be a fundamental problem with multiple DSGs in an 
island configuration. This problem is one of DSG/island stability. 
Maintaining synchronism between DSGs with relatively high internal 
impedance and low inertia and connected by relatively high distri- 
bution system impedance circuits presents potential problems. 

Stand-alone DSGs serving a local load would probably have a 
wider voltage and frequency variation than would be noted with the 
normal state of interconnection with the main distribution system. 
These are secondary matters in comparison to those mentioned above; 
however, they would need to be recognized and appropriate control 
provision made to keep these quantities within acceptable limits. 

Input or Processed Data 

• Command to start up and connect to a distribution 
system that has zero voltage and frequency signals. 

(The normal condition DSG protection/synchronizing 
would consider this a no-go condition) 

• Bypass of blocking function 

• Load management action to limit applied load 
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• Voltage and frequency subsystem control adjustments 
as required for stand-alone operation 

Output Control and Data 

• Control action 

• Status and measured variables associated with stand- 
alone operation to be transmitted to DDC 

Interaction With Other Functions 

Stand-alone operation would involve interaction with one or 
more of the following functions: 

• Directly: 

A. DSG command and control 

B. Volt/VAR control 

C. Load control including restoration 

D. Automatic generation control 

E. DSG power control 

F. DSG operating mode control 

G. Distribution stability 

H. Protection: substation, transformer, feeder 

I. Protection: DSG 

J. Synchronization 

K. Start capability/startup control 

• Indirectly: 

A. Distribution SCADA 

B. Communication 

C. Metering 

D. Personnel safely 

E. DSG scheduling and mode control 

S pecial Requirements 

This whole function has special requirements as outlined above. 
Study of individual applications is required to obtain satisfactory 
operation and warrants further investigation. 
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Section 9 


NIAGARA MOHAWK POWER CORPORATION 
(NMPC) DISTRIBUTION SYSTEM COMPOSITE 


9.1 INTRODUCTION 

In order to explore the implications of the control and mon- 
itoring functional requirements for DSGs which are integrated into 
a utility distribution system, a representative distribution system 
composite has been employed. For various operating scenarios the 
impact on several types of DSGs and their monitoring and control 
requirements has been examined. 

The composite chosen to examine DSG control and monitoring 
was derived from a distribution system composite representing the 
Niagara Mohawk Power Corporation in the vicinity of Syracuse, New 
York. The DSGs introduced were selected on an assumed basis rather 
than from any actual system planning effort. This use of scenarios 
has been helpful in highlighting and clarifying a number of the 
functional requirements for DSG monitoring and control. 

The Niagara Mohawk Power Corporation (NMPC) system includes 
a service area of approximately 24,000 square miles in the state 
of New York. Approximately 1,300,000 customers are served from 
three divisions: the Western, Central, and Eastern Divisions. The 

service area includes a broad range of urban, suburban, and rural 
areas. Among the principal metropolitan districts served are 
Buf falo-Niagara Falls, Syracuse, Utica-Rome, and the Albany- 
Schenectady-Troy area. The NMPC system load has experienced a 
swing away from higher load factor industrial customers to a pre- 
ponderance of residential and commercial loads. In spite of this 
trend, NMPC's annual load factor has remained consistently stable 
at approximately 68%. Actual peak load figures for 1977 were 4878 
MW summer and 5284 MW winter. In addition to generating power from 
nuclear, oil, and coal, NMPC uses hydroelectric generation and 
purchased electric power to meet its system needs. 

NMPC has for many years used hydroelectric power as a valuable 
source of energy. Presently NMPC has approximately 80 small hydro- 
electric plants with a total 666 MW capacity. By 1990 NMPC plans 
to add 16 new hydroelectric generating plants with almost 200 MW 
of added capacity. Many of these units can be considered as dis- 
persed sources of generation. NMPC also has an interest in other 
DSG sources and has been considering fuel cells and storage bat- 
teries as possible additions to its system. 

Transmission voltages used by NMPC include 345 kV, 230 kV, 
and 115 kV. Several lines are also designed for 765 kV but are 
operated at 345 kV. NMPC uses several distribution voltages, in- 
cluding 4.16 kV, 4.8 kV, 6.9 kV, and 13.2 kV. The 13.2 kV system 
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is the highest distribution voltage planned by NMPC, and it is 
the 13.2 kV standardized voltage class that is experiencing the 
most load growth on the NMPC system. 

Recognizing the potential advantages of automated distribution 
systems, NMPC has initiated several projects to evaluate the fea- 
sibility and has estimated benefits and costs of distributon auto- 
mation. In 1977, an agreement was reached between NMPC and GE to 
make a joint assessment of distribution automation functions and 
alternative conceptual control structures based on specific con- 
sideration of a small portion of the NMPC distribution system. 

For the distribution automation/control f tudy it was decided that 
attention would be focused on a small composite 13.2 kV distribu- 
tion system and would include rural, urban, and suburban feeders. 

This composite 13.2 kV distribution system is shown in Fig- 
ure 9.1-1 and includes approximately 200 square miles in the 
Syracuse, New York area, serving 40,000 customers. Within this 
composite 13.2 kV distribution system, an area was selected which 
focused on three specific substations in the Syracuse area which 
are sourced from the Niagara Mohawk 115 kV transmission system. 
These substations (Bridgeport, Fly Road, and Pine Grove) serve 
approximately 10,000 customers. From these substations, feeders 
could be selected illustrating rural, urban, and suburban loads. 

The composite 13.2 kV distribution system includes several distri- 
bution substations with approximately nine feeders having ties to 
feeders from the three principal substations in the assessment 
(Bridgeport, Fly Road, and Pine Grove) . This provides interactions 
pertaining to the scenarios studied. 

The NMPC distribution system composite provides an illustra- 
tive example for consideration of conceptual integration of DSG 
units on the distribution system in developing the functional re- 
quirements for DSG control and monitoring. 
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9.2 CONCEPTUAL 08Q INTEGRATION ON THE NMPC COMPOSITE 
13.2 kV DISTRIBUTION SYSTEM 

The feeder and substation configuration shown in Figure 9.1-1 
is the NMPC preliminary estimated configuration for 1984 study con- 
ditions and is for the estimated nonautomated composite 13.2 kV 
distribution system. For study purposes, five DSG units are shown 
in the composite. Four are assumed to be rated 5 MW and the wind 
DSG is assumed to be rated 1 MW. In the composite, the assumed DSG 
locations and types are listed in Table 9.2-1. 

Table 9.2-1 


C0NCEP1UAL DSG INTEGRATION ON NMPC 
COMPOSITE 13.2 kV DISTRIBUTION SYSTEM 


Location 

Type DSG* 

Size 

(Rating) 

Pine Grove Substation (Suburban) 

Battery 

5 MW 

i 

Photo Voltaic 

5 MW 

Bridgeport Feeder 16853 (Rural)** 

Hydro 

5 MW 

Bridgeport Feeder 16852 (Rural)** 

Wind 

1 MW 

Fly Road Feeder 26152 (Urban) 

Co-Generation 

5 MW 


NOTES: 

*NMPC does not plan to implement DSG units at these locations. 

They are for illustrative DSG study purposes only. 

**For the nonautomated case (Figure 9.1-1), the hydro DSG is assumed 
to be on Bridgeport feeder 16853. In the automated Case (Fig- 
ure 9.4-1), Bridgeport feeder 16853 is not required (deleted), 
and its loads and the hydro DSG are assigned to Bridgeport feeder 
16852 which consists of two sections. 

In the composite 13.2 kV distribution system, the Pine Grove 
Substation is expected to have the largest load growth during the 
1978-1984 period. Based on this, two DSG units were assumed to 
be located at the Pine Grove Substation. One was assumed to be 
a storage battery and the other a photo voltaic type DSG. Both 
are dc energy types. Conversion equipment would be required to 
provide ac output for connection to the 13.2 kV ac substation. 

It is probable that a hydro DSG unit would be located in a rural 
area, and Bridgeport feeder 16853 was assumed for this DSG loca- 
tion. A wind generator DSG unit is also assumed on another Bridge- 
port rural feeder, 16852. It is likely that a cogeneration DSG 
unit would be located in an urban area; Fly Road feeder 26152 is 
assumed for this DSG. 
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9.3 NMPC COMPOSITE 13.2 kV DISTRIBUTION SYSTEM 
LOAD GROWTH SUMMARY 

The estimated peak load for each of the feeder* of the Bridge- 
port, Fly Road, and Pine Grove substations for 1978 and 1984 critical 
season conditions was determined by NMPC and is shown in T*ble 9.3-1. 
Estimated critical season peak load for each of these substations 
was assumed by GE by adding the feeder peak loads and multiplying by 
0.95 to estimate the effect of feeder load diversity. 

For the composite 13.2 kV distribution system, changes in 
load were estimated for all the feeders for the year* 1978, 1980, 

1982 and 1984. The changes in load during these years result from 
normal load growth, load transfers and conversions, and spot load 
additions. However, in Table 9.3-1 only the 1978 and 1984 estimated 
data for Bridgeport, Fly Road, and Pine Grove are shown. 

Substation transformer ratings for the Bridgeport, Fly Road, 
and Pine Grove substations are shown in Table 9.3-2. 

The Fly Road and Pine Grove substations are each fed by two 
115 I'V independent transmission lines with a normally open tie 
breaker on the high voltage side. Bridgeport substation is served 
by a single 115 kV transmission line. 

Normal design criteria (station getaway limited) for the feeders 
is that feeder current is not to exceed 400 amperes under normal con- 
ditions and 500 amperes during emergency conditions. Certain sec- 
tions of individual feeders may have lower ampere limits. For ex- 
ample, feeder "getaways" (short connections in ducts at the substa- 
tion) may result in higher or lower normal and/or emergency ampere 
limits. In terms of establishing cable ratings, when one cable in a 
duct is carrying its emergency rating, for an extended period of 
time all other cables in the same duct must be at or below normal 
feeder getaway ampere rating. 

For the composite, the voltage criteria is that the primary 
feeder voltage, in secondary (120 volt base) terms, is not to exceed 
126 V or be below 118.5 V under normal conditions. The 118.5 V ex- 
cludes voltage drops on the laterals, distribution transformers, and 
secondaries. Voltage is not to be less than 114 V during emergency 
conditions. 
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Table 9.3-1 


NIAGARA MOHAWK POWER CORPORATION 
ESTIMATED LOAD GROWTH SUMMARY 
BRIDGEPORT, FLY ROAD, AND PINE GROVE 


Substation/Feeder 

Peak Load - MVA (Critical Season)* 

Nonautomated System 

1978 

1984 

Bridgeport 



16852 

3.13 

3.77** 

16853 

— 

3.04** 

16854 

3.22 

4.05 

Total 

6.35 

10.86 

Eat. Sub. Load 

6 

10 

Fly Road 



26151 

5.0 

7.64 

26152 

1.76 

7.61 

26153 

7.02 

8.07 

Total 

13.78 ! 

23.32 

Est. Sub. Load 

13 ! 

22 

Pine Grove 



5951 

4.46 

4.05 

5952 

7.52 

7.55 

5953 

2.97 

5.83 

5954 

5.67 

6.04 

5955 

4.46 

5.30 

5956 

— 

5.81 

5957 

— 

4.09 

Total 

25.08 

38.67 

Est. Sub. Load 

24 

U — — . — 

37 


Source: Niagara Mohawk/General Electric Joint Assessment 

of Distribution Automation 

NOTES : 

* Critical season fox some feeder peak loads is summer; 
for others it is winter. It is the season with the 
highest seasonal normal configuration peak load. 

**16853 and 16852 loads are added for the automated case, 
since 16853 does not exist in the automated case. 


9-6 








Table 9.3-2 


SUBSTATION TRANSFORMER RATINGS 
BRIDGEPORT, FLY ROAD, AND PINE GROVE SUBSTATIONS 


Substation 

Transformer 

Type 

Transformer 

Rating 

Bridgeport 

OA 

8.4 MVA, 65 °C 

Fly Road 
Pine Grove 

OA/FA/FA 

22.39 MVA, 65 °C 

E*»nk #1* 

OA/FA/FA 

20 MVA, 55 °C 

Bank *2 

OA/FA/FA 

33.6 MVA, 65 °C 


*NOTE : Study assumed this transformer to be replaced 

with 18/24/30 MVA unit in 1983 or 1984 for non- 
automated system, and removed for automated 
system. 


9-7 


9.4 AUTOMATED COMPOSITE 


The composite 13.2 kV distribution system is shown in Fig- 
ure 9.4-1 with the addition of distribution automation control (DAC) 
equipment at the three distribution substations of interests Bridge- 
port, Fly Road, and Pine Grove. Each of these DAC equipments would 
have two-way communication with the distribution dispatch center 
(DDC) which has overall responsibility for that area of the distri- 
bution system. Distribution automation control is more fully de- 
scribed in Section 6.2 of this report. 

A distribution communication system would be utilized to com- 
municate among the DAC equipments at the substation level and pole- 
mounted remote terminal units (RTU) located at automated section- 
alizing switches, switched capacitor banks, etc. at remote control 
and monitoring points on the feeders. A number of distribution 
communication systems are being evaluated by electric utilities. 
Representative of communication means being considered are distri- 
bution line carrier, radio, and telephone. 

Similarly, for control and monitoring of DSG units located 
on the distribution feeders, communications would be required be- 
tween the DSG unit and either DAC equipment at the substation, the 
DDC, or the EMS level of the utility. The five assumed DSG units 
are shown on the automated composite in Figure 9.4-1. These are 
the same DSG units and locations listed in Table 9.2-1, the non- 
automated composite. 

Only those automated sectionalizing points in the immediate 
vicinity of the DSG units on the feeders are shown in Figure 9.4-1. 
The automated sectionalizing points for automated feeder section- 
alizing and feeder load management would be under direction of the 
DAC for the substation serving as the source for the respective 
feeders . 

In choosing the sectionalizing points and tie points proposed 
for automated sectionalizing on the feeders, the following criteria 
were used: 


• Deferment of construction projects 

- Feeder getaways 

- Substation transformer changeouts 

• Service restoration to industrial loads 

• Service restoration to commercial loads 
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9.5 CENTRALIZED VERSUS DECENTRALIZED CONTROL OF DSQ UNITS 


In Figure 9.1-1 and 9.4-1, DSG units have been assumed at 
Pine Grove substation, on Bridgeport feeders 16852, 16853 (16852A), 
and on Fly Road feeder 26152. In Sections 6.2 and 6.3 of this re- 
port, centralized and decentralized control and/or monitoring for 
DSG units are described. In the centralized control and monitoring 
of the DSG unitE, the distribution dispatch center (DDC) would com- 
municate directly with each DSG unit. This is illustrated in Fig- 
ure 9.5-1 below. Some larger DSG units may be controlled directly 
from the EMS level. 


EMS 

L_^_J 

I DOC I 

V 

COMMUNICATIONS i 
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Figure 9.5-1. Centralized Control and Monitoring 
of DSG Units 

With decentralized control and monitoring of the DSG units, 
the DSG control and monitoring function will be one of many func- 
tions performed by the DAC units at the substation. This typo of 
control is shown in Figure 9.5-2. 
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For small customer owned DSG units, the control may be based 
entirely on local conditions without any remote contro„ signal to 
start-stop, or to raise-lower output. In this case (assuming com- 
munications to the DSG are provided) , the only information moni- 
tored at a higher level control center may be ON-OFF status of the 
DSG unit. 
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9.6 OPERATING SCENARIO WITH CONCEPTUAL DSG INTEGRATION 


Uairg the composite 13.2 kV distribution system, it is possible 
to envision a number of representative scenarios involving the op- 
eration of DSG units integrated with the distribution system. Sev- 
eral examples of these, used as aids in developing and checking 
the functional requirements for control and monitoring of DSG units, 
are described below. 

Scenario 1 . Startup DSG Units 

Assume that the distribution system composite, shown in Fig- 
ures 9.1-1 and 9.4-1, is in the normal operating state and that 
the schedulable DSG units (hydro, cogeneration, and battery) must 
be started up. Assume both a centralized (Figure 9.5-1) and a 
decentralized (Figure 9.5-2) control and monitoring system for con- 
trol and communications. The hydro generator DSG and the cogener- 
ation DSG will continue in normal operation for the scheduled pe- 
riod. The storage battery DSG supplies power to the distribution 
system for several hours and is then placed in a stand-by mode for 
a few additional hours before it is connected for recharging. The 
battery DSG is later put in a standby condition, and it will then 
be ready for the ON mode to supply power. Non-schedulable DSG 
units (wind generator and photovoltaic) may be permitted to start 
up, as the energy resources are available. 

Scenario 2 . Transient Fault Followed by Successful Reclose 

Referring to Figure 9.1-1, the 13.2 kV non-automated composite 
is in the normal operating state. Distribution system load is peak 
load for the 1984 winter case and all DSG units are operating at 
rated output. A transient fault occurs on Bridgeport feeder 16853 
between the substation and hydro unit. Assume a feeder breaker 
automatic reclosing sequence of 15, 30, and seconds with the 
30 second reclose successful. The hydro unit must be disconnected 
from the feeder circuit when the fault occurs. It can be restarted, 
resynchronized, and reconnected after the successful reclose. 

Scenario 3 . Persistent Fault, Unsuccessful Reclose 

Assume the automated 13.2 kV composite shown in Figure 9.4-1 
with all DSG units operating and system in the normal operating 
state. A persistent fault occurs in the section of Bridgeport 
feeder 16852, between the substation and the automated sectional- 
izing point connecting the DSG hydro. Reclosing of the feeder 
breaker goes through its sequence and locks out after tripping 
after the 90 second reclose. The feeder fault isolation and ser- 
vice restoration function must locate the persistent fault and 
isolate the faulted section. Assume (a) the tie to Fly Road feeder 
26153 is not available for switching, and (b) the tie is available 
for switching. The hydro and wind DSG units must be disconnected 
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from the feeder circuit during the recloaing sequence. The hydro 
DSG must be restarted, resynchronized, and reconnected to the un- 
faulted section of feeder 16852, after the fault has been isolated. 
The wind DSG cannot be reconnected since it is associated with the 
faulted section of feeder BR16852 and is locked out. Assuming the 
load on the second section of 16852 is 1 MW the power output of 
the DSG hydro unit in case (a) must match this load. In case (b) , 
the full 5 MW output can be utilized with the tie closed to the 
Fly Road feeder 26153, assuming the tie can carry the surplus 
power from the hyrdo DSG. 

The fault must be located properly as being on the first feeder 
section of feeder 16852 even though it is fed initially from the 
substation, and also from the wind and hydro DSG units. 

Scenario 4 . Operation with Distribution System in Emergency State 

Assume the automated composite in Figure 9.4-1 with all DSG 
units operating and with distribution system in the alert state, 
due primarily to the Pine Grove 20 MVA transformer bank being out 
of service. Assume that the 30 MVA transformer at Pine Grove has 
been in service but is now forced out of service. A backup mobile 
transformer can be connected; however, it will be several hours 
before the mobile transformer arrives. Load conditions are 1984 
peak with 33 MVA load in the Pine Grove area. The adjacent sub- 
station transformers are operating at their emergency ratings; 
both Pine Grove 5 MW DSG units are operating at their rating; and 
the remainder of the Pine load is supplied by ties to feeders from 
other substations. Assume now that the photovoltaic DSG unit at 
Pine Grove must be shut down and that no further load transfer 
capability from other substations is available. The remaining DSG, 
feeder ties, and adjacent substation transformers will be over- 
loaded unless load is shed. This is accomplished by rotating the 
feeders on outage for 20 minutes each (Feeders 5951 through 5957) 
until the system peak is passed with intermittent overloads during 
this period. The distribution system is in the emergency state 
until the mobile transformer is connected and then enters the re- 
storative state. 
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9.7 COMPOSITE APPROACH 


While the composite 13.2 kV distribution system described in 
this section was developed during the course of another study, it 
has been described in this section to provide an illustration of 
conceptual DSG integration on the utility distribution system. By 
postulating the operating scenarios given in Section 9.6, the com- 
posite serves as an aid in better understanding the control and 
monitoring functional requirements for OSG integration. 

As examples, the sequences associated with scenarios one 
through four of Section 9.6 are listed in Tables 9.7-1 through 9.7-4 
respectively. 
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Table 9.7-1 


SCENARIO 1. STARTUP OF DSG UNITS 

(Reference Figures: 9.1-1 and 9.5-1 

9.4-1 and 9.5-2) 


Stop 1. Check DSG schc Ruling and mode control to determine which 
DSG units are needed and for what time periods. 

Step 2. Use Display to determine status of each DSG and distri- 
bution system for outages and personnel safety. 


Step 3 . 
Step 4. 

! Step 5 . 


Check at DDC for protection status of substation, trans- 
formers, and feeders. 

Command startup for schedulablc DSG units which are avail- 
able (example: hydro, cogeneration,* and battery) at pro- 
per time distribution SCADA and communication are employed 
to transmit command from DDC to DSG units. Send permis- 
sive signals *o unschedulable DSGs which have intermit- 
tant energy resource supply. 

DSG control will receive startup command and initiate 
checking action at each DSG to be started. 


Step, (> . DSG protection will be checked. 

Step 7. DSG operating mode control logic will be initiated at 
each DSG to be started. 


S t ep 8 . 
Step 9. 

Step 10. 

Step 11. 


DSG power controls will be initialized prior to starting. 

Startup and then synchronizing will be initiated and 
carried through to completion. 

Verification will be received by the DDC operator that 
each DSG is connected to the system as this occurs. 

Monitored values of DSG outputs, e.g., MW, MVAR, voltage, 
status are received at DDC. 


‘Cogeneration may not be completely schedulable in the usual sense. 


Notes : 


1. The startup sequence noted above would 1 ; repeated for other 

schedulable DSGs according to the appropriate startup schedules. 


2. The wind or photovoltaic DSGs are sent permissive commands al- 
lowing them to startup according to the availability of local 
energy resources. 


3. For high temperature batteries, it is necessary that they 

be maintained at elevated temperatures, and it is not practical 
for them to be shut down in the usual sense. Special DSG con- 
trols and operating mode controls are used to keep high temper- 
ature batteries in their proper operating condition. 


4. Development of a set of operational steps of activities for 
startup, such as indicated above, must be performed for each 
type of DSG and for each utility to be sure that all necessary 
activities are properly accounted for. This scenario approach 
enables the system designer to draw up a plan of action which 
engineering and operational personnel can use for discussion 
and evaluation to integrate DSGs into the distribution system. 
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Table 9.7-2 

SCENARIO 2. TRANSIENT FAULT FOLLOWED BY SUCCESSFUL RECLOSE 
(Reference Figures: 9.1-1 and 9.5-1) 



Step 1 , 

Stop 2. 
Stop 1. 

Stop 4. 


Stop 5 . 
Stop 6 . 

Step 7, 

Stop 8. 

Step 9. 


Fault occurs on Bridgeport Feeder 16851 ' , substation 

and hydro DSC . 

Distribution feeder breaker opens. 

Hydro DSC, protection detects fault conditions and trips 
hydro unit off line by opening DSC main circuit breaker. 

Emergency shutdown initiated by DSC. protection function 
at hydro. 

A- 1 . Emergency shutdown control (special DSC. control) at 
hydro is initiated to slow down the hydro generator, 
(and transition it safely to the OFF mode). 


A- 2, 
A- 1 . 

A- 4 . 


Local DSC. control at hydro alerted that hydro shut- 
down has been initiated. 

Personnel safety display indicates at hydro that 
hydro unit has been tripped off; a signal is ini- 
tiated to inform DDC of trip by DSC, control via 
SCADA and communication. 


Turbine speed control governor, DSC power control, 
acts to close flow valves to minimize generator 
overspeed i ng * and slow unit down as part of emer- 
gency shutdown sequence. 

Distribution protection initiates feeder reclosing sequence. 

Fault clears and voltage is restored to distribution 
t coder No . 16853 (via Bridgeport distribution substation) 
by means of feeder breaker reclosing. 

DDC (Display shows trip of the unit; the DDC operator must 
then command a restart of hydro to get DSC. control at 
hydro to initiate a restart. 

The restart signal from DDC to hydro DSC control enables 
DSC, operating mode control logic to bring hydro unit to 
standby (or ON) mode. 

Hydro plant DSC, control (master control) restores power 
schedule to normal value as established by and from DDC. 
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Table 9.7-3 

SCENARIO 3. PERSISTENT TRANSIENT FAULT 
WITH UNSUCCESSFUL RECLOSE 
(with Distribution Automation Control Equipment) 

(Reference Figures: 9.4-1 and 9.5-2) 


BRIDGEPORT 

SUBSTATION 


FEE DER 16852 
T SECTION 1 


DISTRIBUTION 

FEEDER 

BREAKER 


FEEDER 
16852 A 
SECT. 1 


NO FEEDER 16852A 
/ SECT NO. 2 


AUTOMATIC 

SECTIONALIZING 

/POINT 


WIND 

DSG 


NOTE: 

NO * NORMALLY OPEN 
NC = NORMALLY CLOSED 


; FAULT 


FDR 16852 
SECT 2 


(HYDRO) 
V DSG/ 


» TIE 

AUTOMATIC FLY ROAD 
SECTIONALIZING FEEDER NO 
POINT 26153 


FLY ROAD 
SUBSTATION 


The initiation of scenario 1 is similar to scenario 2 with . 
fault postulated on the first sect ion of feeder 16852. The se- 
quence is identical until Step ( when the fault ; insists anti the 


feeder breaker BP16852 trips the final time and 


locket! out 


(open). The BP16852 automatic sect ionali z ir. * poir* opens on the 
faulted feeder on command from the DAO equipment, . olutinu the 
fault . 

Under case a, the tie automatic sect ionul i z i no point to Fly 
Road Feeder No. 26153 is unable to close so that only the hydro 
DSG is available to supply the ioad (island) of the unfault mi 
section of 16852. Since the win! DSG is associated with the faulted, 
section of feeder 16852, it must remain OFF. The hydro Fed power 
control may require a signal from the DSG operating mode control 
to change its power control to an alternative method such as i so- 
cronous ("flat frequency") control. 


Steps 1-5 are like those for 
unit also tripping off in Step 3. 


Scenario 2, with the 


Step 6. Feeder breaker 16852 is locked out, and. auto seotional- 
lzing point is opened, isolating the fault on the first 
section of feeder BP16852. 

Step ". The hydro unit is isolated in the OFF mode and must be 
restarted, connected to feeder 16852A, section 2, and. 
must pickup load. There is no other generation avail- 
able to supply the load on section 2 of the BP16F52 
feeder, (1 MW load assumed). 
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Table 9.7-3 (Cont'd) 

SCENARIO 3. PERSISTENT TRANSIENT FAULT 
WITH UNSUCCESSFUL RECLOSE 
(with Distribution Automation Control Equipment) 

(Reference Figures: 9.4-1 and 9.5-2) 

Step B. DDC display shows trip of unit and indicates that it is 
isolated. The operator at DDC. must command DSC control 
at hydro to restart under "island" conditions. 

Step 9. Restart signal from DDC to hydro enables DSC, control 
and DSG mode control logic to bring hydro unit up to 
standby (or ON) mode. 

Note: The system frequency on the de-energized, un- 

faulted, feeder 16852, section 2 will be zero, and 
there will be zero voltage. This requires the DSC con- 
trol to modify the automatic synchronizing permissive 
circuits to carry out closing of D:-'c main breaker on 
to a dead line. 

Step' 10. DSG operating mode control acting m response to informa- 
tion from DSG control must select a special "stand alone" 
capability method of operation. Under this control con- 
dition, the hydro unit must match its power output to 
the load requirements to maintain frequency control by 
itself. The power supplied, through the DSC power func- 
tion control should be just enough to keep the system 
"island." fropuency at 60 Hz. 

Under case b the tic auto sect ional iz i ng point is able 
to close, on command from the DAC equipment connecting 
the second (un f aultod) section of BP16852 to Fly Poad 
feeder 26153 which, in conjunction with the restarted 
hydro, serves this second section of feeder load. 

This situation is very much the same for the hyd.ro Did', 
as in scenario 2: see steps 6-9 of scenario 2, where 

the source voltage restored in this case corresponds 
to the tie to feeder FR261V3. This new feeder source 
appears to the DSC like the feeder of the previous 
scenario 2. However both feeder PP26153 and DFG pro- 
tection logic may have to be adjusted to reflect: new 
circuit parameters. 

It is assumed that, the tie to feeler FP2615 3 is capable 
of carrying the 4 MW surplus power from the hydro id‘>d, 

( r > MU’ PFG output - 1 MW load on PP16852, section 2 
1 coder ) . 



Tab lc 9,7-4 

SCENARIO 4. OPERATION WITH DISTRIBUTION SYSTEM 

IN EMERGENCY STATE 

(Reference Figures: 9,4-1 and 9.5-2) 


Pine Grove is in an alert state and the 30 MVA transformer 
bank m the automated case is loaded to maximum capacity at the 
time of peak load. When the 30 MVA transformer is disconnected 
due to a forced outage, the whole composite goes into an emergency 
state. With the additional forced outage of the photovoltaic DSG, 
the situation is made worse. At Pine Grove substation, the re- 
maining storage battery DSG is called upon for maximum power out- 
put, and feeder units are required to use load shedding by rotat- 
ing the feeders on outage for 20 minutes each, until the system 
peak is passed. Intermittent overloading is experienced during 
tins period, 

l.oud shedding is .'.one as a part of distribution automation 
and control, DBG control is rot normally involved in that aspect 
o! tiie control operation. However, the storage battery might be 
cal le i upon to use its energy at a hijhoi than normal rate for a 
ecu; le of hours lur ing the peak loading per iod. 

to; i. 'dnder alert or emergency conditions, the DPC operator 
would, interrogate the DG ' scheduling subfunction, note 
that the photovoltaic DSC is out and that more power 
from tin* storage battery is desired. 

Gtot 2. A rev ise I st oragc battery schedule could be determined 
and. displayed to the operator at tire DOT. 

.'.to; >, l! agreeable to tire operator, tire revise! schedule could, 

ho f ot warded to t hi* s toraae battery P:»G, 

Tints , hiring alert or emergency fond: t ions, DGGs may bo 
called upon 'o operate in an abnormal state, sup; lying 
:",or.' power t ban their nominal ratings. The capability 
to do this iej ends on t ho Dd tyro and the specific capa- 
bilities built into the l.'J ' des. ;n . Being aware of the 
ratine of the emergency an: reinr abb' to reschedule PSGs 
for more titan ’ho i r nominal rates output car. help alle- 
viate list r : but ion emer gency vondit ions. 
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10.1 INTRODUCTION 


Section 10 

COST-AND-BINIFIT ANALYSIS 


Although the major interest of this study is focused on the 
technical aspects of the monitoring and control requirements of 
the distribution DBG system, the cost and benefit Implications of 
the various DSG alternatives were also Investigated. The benefits 
of DSG may accrue in the generation and transmission portions of 
the utility system, while the costs tend to be centered in the 
distribution portion of the utility system; so it is important that 
the costs and benefits of the whole system can be analvsed and 
judged. 

Alternative methods exist for supplying some of the energy 
needs of the customers of an electric utility system. ”0' Several 
DSG technologies are potentially available to supplement the basic 
generation needs. However not all DSGs are available at all times 
of day or night nor is the cost per installed kW or per kWh deliv- 
ered the same for each. In addition, there are alternative means 
for accomplishing the task of monitoring and control of the DSGs 
and these means may have different costs and benefits. It is de- 
sirable to be able to evaluate the relative costs and benefits of 
different DSGs. Conventional means exist for evaluating economic 
cost and benefits for su-.'h electric utility equipments, and the 
methods described in this report are meant to represent appropriate 
extensions of present methods. 

The costs being considered cover the tonal costs for DSG in- 
cluding the associated equipment, land, interest charges, construc- 
tion, installation, and services, and the subsequent operation and 
maintenance costs. Costs for the DSG equipment and services to 
provide dispersed storage and generation, for the added remote 
monitoring and control equipment and installation, and for the 
added operating and maintenance costs associated with the dispersed 
storage and generation are included. 

The benefits being considered should include reduced costs 
for equipment, installation, services, or operations and mainte- 
nance that might have been planned or required but, by virtue of 
DSGs, are no longer needed. Benefits also take into account the 
savings corresponding to reduced losses or reduced expenditures 
for energy. Benefits may be realized from reduced generation, 
transmission, or distribution costs. The benefit may be a one- 
time sum stemming from the deferment of a particular investment 
or it may be annual savings generated by the reduction or elimi- 
nation of energy purchases that would be required each year. 

A' ' endix D, "Cost Benefit Considerations for Providing Dis- 
persed Jtorage and Generation to Electric Utilities," covers the 
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general and quantitative elsments of cost* and benefits pertaining 
to DSGa. This eection cover* *o»e other aspects of DBG applications. 
Included are: 


e The influence of DSG equipment cost and availability, 
i.e., total initial costs and amount of time avail- 
ability; 

e She nature of other coat issues, such as the monitoring 
and control coots as compared with the DSG equipment 
costs and the cost of DSG equipment when it is owned 
by the utility or when it is owned by the customer; 

e The nature of the benefits that may be realized at the 
generation, transmission, and the distribution levels 
in the electric utility system; 

e A few numerical examples of cost and/or benefits for 
illustrative comparisons. 
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10.2 CHARACTERISTICS OF DSG TECHNOLOGIES 


In performing cost analyses associated with different DSG 
technologies there are a number of characteristics that are of 
significance. These include the following: 

e DSG Cost per kW of installed capacity 

e Cost of other elements that are necessary but are not 
included in cost given for installed capacity 

e Availability of DSG in per-unit time and in terms of 
time of day and days of year 

e Nominal rating of DSG unit 

Table 10.2-1 shows *ome representative values that have been 
assumed as being typical for the seven types of DSGs indicated. 

The numbers shown are estimated values that have been selected for 
illustrative purposes to indicate the range of costs that may be 
associated with the DSGs that have been listed. Table 10.2-1 is 
not intended to provide a basis for making specific selections for 
particular DSGs but rather to illustrate the fact that there are 
a number of different characteristics and that the specific values 
of these characteristics may vary widely from DSG to DSG. 

Table 10.2-1 

ASSUMED REPRESENTATIVE VALUES FOR 
DSG COST/kW, AVAILABILITY , AND NOMINAL SIZE 
FOR VARIOUS DSG TECHNOLOGIES 


DSG 

Technology 

DSG Cost 
$/kW 
(1978 $) 

Other Major 
Elements Required 
(but not included 
in COST) 

Time 

Availability 
in Per-Unit of 
Time 

Nominal 
Rating in MW 

Solar Thermal Electric 

1300 


0.30 

1-10 

Photovoltaic 

3500-5000 

Converter 

0.30 

0.1-5 

Wind 

1000 


0.30 

0.1-5 

Fuel Cell 

350 

Converter 

0.85 

2-25 

Storage Battery 

350-450 

Converter 

0.30 

2-20 

Hydro 

500-1000 

Dam 

0.50 

1-25 

Cogeneration 

800 

(Process) 

0.3-0.80 

1-20 


As has been noted in Appendix B, "The State of the Art, Trends, 
and Potential Growth of Selected DSG Technologies," the development 
status of the DSGs being considered varies widely. Thus, the initial 
cost range shown in Table 10.2-1 is more than 10 to 1. However, 
with continued development, DSG cost in $/kW will in all probabil- 
ity be reduced. However, there will doubtless continue to be sig- 
nificant differences in DSG equipment costs due to the character- 
istics of the DSGs involved. 


c. - u i 
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Tha need for other major itama of equipment such as dc-ac 
convartara for technologies that produoa direct-current alac tric- 
ity initially, or for dams not alraady present that ara required 
by hydrogeneration involva significant itama of additional coat 
that muat ha includad in a coat analyaia. 

Tha tima availability of carta in DSGs, such aa aolar tharmal 
electric, photovoltaic, or wind and othara will ba limitad by tha 
phyaical natura of tha phanomanon involved. In moat caaaa tha re 
will not ba a significant incraasa in tha availability assumed; 
although, unscheduled outages or unusual weather conditions may 
reduce the availability. 

Concerning tha nominal rating in megawatts indicated, tha 
upper range of ratings listed might be attractive to utilities to 
install DSGs for their own use. For individual customers who may 
have much smaller energy needs and who may wish to purchase their 
own DSG, the units involved may be considerably smaller than those 
of Table 10.2-1. However, in those cases involving customer DSGs 
much of the monitoring and control requirements will probably be 
the primary responsibility of the customer and not the utility. 
Where the customer owns the DSG, the costs to the utility will be 
negotiated with the customer and not be directly related to the 
DSG cost in $/kW shown in Table 10.2-1. 
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10.3 DISTRIBUTION DBG SY8TKM COST COMPONENTS 


Cost components can be grouped into three major categories; 
equipment costs; installation costs; and operations and maintenance 
costs , which include the energy costs. The equipment and instal- 
lation costs are essentially one-time , fixed costs that, by means 
of an annual fixed charge rate (FCR) , can be converted into an 
annual cost. The operating and maintenance costs are annual charges 
and are used in that fashion. Another factor that must be consid- 
ered as affecting the system cost is the time availability of the 
equipment, because low time availability may require additional 
capital equipment to meet the essential system needs. 

The cost components noted above must be applied to each of 
the equipment elements that make up the distribution DSG system. 
Because there can be extensive communication and control costs, 
including the equipment at the DDC site, associated with the inte- 
gration of the DSC! into the utility network, it is important to 
recognise and include all the equipment items associated with the 
distribution DSG system. 

The equipment costs cover the supplier costs of the equipment 
that is the essential DSG system as well as the supplier costs of 
such other distribution DSG system items as: 

1. The communication link with the distribution dispatch 
center (DDC) if this is utility owned. 

2. The interface and control equipment that is located at 
the DDC that enables the distribution dispatcher to inter- 
act with the remote DSG. 

3. The interface and control equipment that is located at 
the DSG that interfaces the communication link and the 
DSG local control equipment. 

4. The system DSG power protection interface equipment that 
enables the DSG power equipment to operate compatibly 
with the utility distribution network. 

The essential DSG system should include not only the elec' **i- 
cal generation means and its local control, but also the balance 
of plant as well as any necessary associated expenses (for example, 
the cost of the land and dam for a new hydr > DSG system) . 

The installation costs are another one-time cost and should 
include not only the hardware installation cost but the software 
installation costs as well. 

Operation and maintenance costs include not only personnel 
costs and consumable materials for operation and maintenance, but 
also the energy costs or losses associated with the distribution 
DSG system. With increasing energy costs, the operation and main- 
tenance cost category could represent a significant portion of the 
total cost over the life of the plant. 
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If storage or backup equipment is required for the DSG and 
included as an added element to the overall system, then its own 
equipment, installation, and operation and maintenance costs will 
have to be taken into account. 
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10.4 SYSTEM BENEFIT COMPONENTS 


In considering the overall benefits of the distribution DBG 
system, it is convenient to group the benefits to the utility into 
four major components! 

e Investment-related savings 

e Interruption-related savings 

e Customer-related savings 

e Operation and maintenance savings 

Investment-related savings are the result of deferring pre- 
viously planned major incremental expenditures for such items as 
new substations, new transformers, new feeders, or new generation 
and transmission facilities. With the higher cost of equipment 
and mortgage money, investment-related savings can represent a 
significant element of the benefits. 

Interruption-related savings refer to the fact that with dis- 
persed storage and generation, failures at the central stations 
and on the major transmission lines can be relieved in part through 
the use of the dispersed storage and generation capacity. 

Customer-related savings are benefits that accrue from few 
customer outages, less expense for customer complaints, and so 
forth. 

Operation and maintenance benefits refer to manpower, material, 
and energy cost savings that may result from use of renewable re- 
sources in contrast to the purchase of fossil fuels. Unattended 
operation of DSG as contrasted with use of manned sites would 
represent another operation and maintenance benefit. 

In evaluating the distribution DSG system benefits, it is 
essential that the effects on the overall electric utility system 
be considered. 

An electric utility system is traditionally described in terms 
of its generation, transmission, and distribution power character- 
istics as is indicated schematically in Figure 10.4-1. The gener- 
ation, transmission, and distribution structure that is shown as 
a single line in this figure is generally, in fact, a plurality 
of generation sources and transmission lines. The generation 
sources are interconnected to variously sized loads, either di- 
rectly through large transmission ties or indirectly through a 
distribution network. 

The addition of dispersed storage and generation will in gen- 
eral require the use of an energy management system as shown in 
Figure 10.4-1 to obtain the maximum benefit from a distribution 
DSG system. In considering costs and benefits it is important to 
be aware of the various characteristics of the electric utility 
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Figure 10.4-1. Electric Utility System Showing Power System and 

DSG with Associated DSG Equipment 
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system that ars of importance as they relate to the costs and 
benefits with and without dispersed storage and generation. 

For example, the generation shown in Figure 10.4-1 by a single 
block actually consists of several sources of generation, placed 
at different geographical locations, with different sised generat- 
ing units with different fuel types as well as equipment of differ- 
ent thermal efficiencies and therefore different costs. It is im- 
portant to note that these multiple sources of generation may have 
different standby and startup costs and therefore operating deci- 
sions are made depending on each particular generator's character- 
istics. These generators may have different operating costs at 
different amounts of loading for the generator. For example, some 
units may have certain inefficiencies in valving when they are op- 
erated at one load level as contrasted with considerably different 
efficiencies when operated at neighboring load levels. Furthermore, 
an incremental amount of load that is supplied at a certain time 
of day may result in a considerably different cost than at a dif- 
ferent time because of the generation source used. Thus, it is 
important to know the characteristics of the several sources of 
generation involved. 

With regard to transmission, there may be different amounts 
of losses in transmission depending on the relative location of 
the source of power generation and the location of the load. This 
may result in a significant change in the cost of the energy. Thus 
the transmission characteristics can have a significant effect on 
the cost of the energy supplied to a load in a particular part of 
a given utility network. 

The distribution characteristics may also have quite a marked 
influence on the cost of supplying a given load. By use of com- 
munication and control it is possible for the energy management 
system and the distribution dispatch center to schedule more eco- 
nomically the generation that takes place at the local distribution 
level. Hence it is quite important that the characteristics cf 
the electric utility system, for which dispersed storage and gen- 
eration is being considered, be understood in detail as far as 
performance, cost, and availability are concerned. 
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10J INFLUENCE OF SIZE OF DMI UNITS ON COST AND BENEFITS 


The ad van t of dispersed a to rag a and ganaration has opanad tha 
possibility of using saall ganerators locatad at tha customer ' s 
sita and of sailing powar ganaratad by tha customar to tha utility. 
In ordar to diffarantiata among tha cost and banafit conditions 
that ara prasant for tha various sisa, quantity, and ownership of 
DSGs, considar Tabla 10.5-1. 

Tab la 10.5-1 

COMPARISON OF COST AND BENEFIT 
FOR DIFFERENT DSG SIZES AND BENEFITS 


DSG 

Character ist ics 

few 

(under 10) 

lavaral 

(10-50) 

Meny 

(50-1000) 

small 

(0.01-0.5 KW) 

• Customar Faye DSC Equipment Costs 
and for Basic Energy 

• utility Fays for DOC, Coee^unica- 
tion and Interface Equipment 
Cost a 

• Utility Fays Customer for kWh 
Supplied by Customer to Utility 

• Utility May Benefit on Generator, 
Transmission, Distribution Losses, 
and Equipment Coats 

• Customer Has a Reliability Benefit 
Factor 


• liailar to Casa of a raw saall MGs 

• Utility DOC and Coaau.il cat Ion Cojts 
Can la Spraad ovar a Largar X unbar 
of Units 

a utility Haa a Maliability panalty 

Med l ujri 
5-5 MM) 

(Tha Casas of Had lun-Sl rad unit,, Kathar Than Mali or Larga, and of savaral units, Kathar 
Than raw or Many, Tand To la Jntarnadlata Kathar Than tha Extraaas .Shown) 

Large 
(5-30 MM) 

• Utility Fays DSC Equijssent Cost 

• Utility Fsys Primary DSG Energy 
Coats 

• Utility Pays for DDC, Communica- 
tion, and Interface Equipment 
Costs and Maintenance 

• utility Hay Benefit on Generation, 
Transmission, Distribution Losses, 
and Equipment Costs 

• Customer Has a Reliability Benefit 


• similar to Case of a law Larga DSG a 
a Utility DDC and Coaaunicatlon Coats 

Can la Spraad ovar a Largar X unbar 
of Units 

• Add ad Coaaunicatlon and Data Procssa- 
ing Hay la Kaquirad 


Although the range of DSG sizes can be from small to large 
and the .number of units on a utility distribution system go from 
few to many, the cases for a few small units and a few large units 
will be considered first. The smalJ units are assumed to be cus- 
tomer owned and the DSG equipment costs are not a direct concern 
of the utility except as they may affect the cost for energy that 
the customer will want the utility to pay. However, the DDC, com- 
munication, and interface equipment will have to be compatible 
with the remainder of the utility equipment. These will be utility 
expenses that will have to be paid for by the customer on the basis 
of relatively few kWh per year. In addition, the utility will have 
to pay the customer for the energy supplied to the utility. This 
will probably be rather a small amount because the units are small 
to begin with. Reduced losses may occur and these may benefit the 
utility. Because the utility may be able to get along with a some- 
what smaller amount of generation and transmission capacity if the 
utility buys some electrical energy from the customers, there may 
be investment benefits or penalties that are realized by the util- 
ity. The customer has a second source of pov/er and can benefit 
from improved reliability. 
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L*rg« unit* *r« lik*ly to b* ownsd and opsratsd by the util- 
ity. Again, tha utility would pay th* DDC, coon unicat ion, and 
intarfaca equipment costs, but this tiaia it would b* on tha basis 
of a much larger number of kWh par yaar so that tha par-unit cost 
could b* much lowar. Tha ganaration, transmission, and distribu- 
tion lossas could b* raducad and invastmant banafits raalisad. 
Again, tha custoraar would benefit from a raliability improvement. 

As the numbar of DSG units increases significantly, tha same 
general ownership and cost relationships would tend to hold, but 
there would doubtless be soma sisa affects. Because not much con- 
trol and monitoring data ware needed for tha small-siied units, 
with more units DDC and communi cation equipment could perhaps be 
used more affectively. On tha other hand, there might be more 
data desired on the largar units, and tha DDC anc communications 
equipment might tend to be overloaded. This case of tha largar 
units is probably something that can be managed, because with 
larger units there will still be fewer units than there are with 
the small-sized unfts. Further, with more large units it will be 
less important if one is not operating well or at all than if there 
were only a few large units. 

A similar line of reasoning may be applied to the case of 
medium-sized units and several units. The results should be in- 
termediate and bracketed by the cases that have already been 
considered. 

Critical areas that appear to be developing in the use of 
small DSGs are (1) the relatively high cost of DSG equipment to 
the customer with a small DSG and therefore the need for the cus- 
tomer to receive a high rate for the energy purchased by the util- 
ity; and (2) the relatively high cost of DDC and communication 
equipment to the utility, which the utility must charge to the 
customer versus the small amount of energy that the utility is 
able to purchase. By holding down the amount of control and mon- 
itoring of small customer-owned DSGs, the utility may be able to 
minimize the customer costs caused by this situation. 

In view of the interest that has been expressed for using 
small residential DSGs, it is worthwhile to consider some of the 
more significant issues involved in such generation sources as 
photovoltaic and wind that could be used for supplying electric 
power to the utility. Some of these issues include: 

e How much power may be generated per DSG and therefore 
how much benefit might result from this source of 
energy? 

* Are the communication needs expressed in terms of 
costs per DSG? 

* How much central control and monitoring is needed at 
the DDC? 

* What is the potential cost associated with these needs? 
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Photovoltaic and wind generators are being developed in the 
6 to 10 peak kw range for residential use. On the other hand, 
the average single-family dwelling residential load is considered 
to amount to 2 kw. Thus for the single-family dwelling there may 
be times when there is a surplus of 4 to 8 k If per DBG available to 
be fed back into the utility. Assuming a capacity factor (or avail- 
ability) of 0.3 and a selling price of $0. 05/kWh * this amount could 
be - 


8 kw x 0.3 x 8760 hrs/yr - 21,000 kWh/yr 

21,000 kWh x $0. 05/kWh ■ $1,050 yr incone/DSG 

For a DBG equipment cost including the installation of $1,000/ 
kW and a fixed cost rate (PCR) of 0.20 per year, the annual cost 
for a 10 kw unit in terms of utility thinking would be - 

$l,000/kW x 10 kW x 0.20 * $2 ,000/yr/DSG 

In Appendix D, the total costs for the communication needs of 
a single DBG such as might be required for a 5 MW utility installa- 
tion were considered to be $3,000/yr per DBG. For the power gen- 
erated per year with a 0.5 availability factor, this cost amounted 
to less than $0. 002/kwh and did not represent an unreasonable cost 
burden. However, for a 10 kw DBG associated with a single-family 
dwelling such is not the case and alternative communication means 
should be sought. 

The communication needs for controlling electricity to a 
single-family dwelling have been considered must extensively in 
recent times in connection with the load management of remotely 
controllable major appliances such as water heaters, air condi- 
tioning, and electric heating. Equipment costs of the order of 
100 to 150 dollars per houoe have been estimated for the communi- 
cation needs that might be required for such ON-OFF remote load 
control. These cost figures are based on large numbers of cus- 
tomers (thousands, perhaps) being supplied from a remote central 
control. In the event that a comparable number of DSGs located 
at the customers' houses would require relatively simple data 
transfer, it might be possible for communication costs comparable 
to those for load management to be realized. Furthermore, if such 
load management communication means to the residential customer 
already existed, the incremental equipment costs per DSG installa- 
tion might fall to the $10 to $20 per DSG range. 

Referring again to Appendix D, the total costs for equipment, 
installation, and operating and maintenance for DDC monitoring and 
control amounted to $8,200/yr/DSG. This amount was based on 20 DSGs 
per l/DC. Expressed in terras of the 5 MW utility DSG power genera- 
tion capacity, this cost for DDC monitoring and control was con- 
sidered acceptable. 

For 10 kw single-family residential units this monitoring and 
control cost is far beyond what can be afforded and represents per- 
formance beyond what may be required. Using 1000 or more single- 
family DSGs, considerable reduced annual costs per DSG, in the 
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order of $164/DS<2, oould b« obtained. It would appear that to ac- 
complish this result there would have to be a considerably differ- 
ent structuring and use for the DDC for monitoring and control of 
snail DSGs than has been listed in many of the functions described 
in Section S. Efforts should be nade to Integrate in an appropri- 
ate fashion the differing needs for nonitoring and control of snail, 
mediun, and large DSQs. 
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10J ILLUSTRATIVE COMPARISONS OF COSTS AND BENEFITS 


In order to provide an illustrative comparison of costs and 
benefits for some representative oases of DSG technology alterna- 
tives, th* following oases have been considered using representa- 
tive data developed in Appendix D. Although the data have been 
related to those cases des~ v >ed for the NKPC composite, this in- 
formation is intended to be representative of a type of situation 
rather than being strictly applicable to the NMPC composite. 

Case 1 . Pour 5 MW fuel cells at separate locations. 

Case 2 . Four 5 MW hydrogenerators at separate locations. 

Case 3 . Four 20 kW customer-owned D6Gs at separate locations 
supplying power to the utility distribution network. 

CA8E I. FOUR LARGE 5 MW FUEL CELL8 AT 8EPARATB LOCATIONS 

Fuel cells are used in this instance because of the low equip* 
ment cost per kW of 350 $/kW. Although fuel charges will be as- 
sociated with the fuel cells, these costs are less or comparable 
to the utility generation costs at the same times. 

For the fuel cells, the following average annual cost compo- 
nents are incurred! 

Fixed-Charge Cost/yr « 0.028 $/kWh 

Energy Cost/yr « 0.030 

O&M Cost/yr - 0.005 

DSG (Fuel Cell) Total Cost - 0.063 $/kWh 

For the DDG, communications, and protection equipment for the 
four DSG sites, the following annual costs are incurred: 

DDC Control and Monitoring Equipment * $32,800/yr 
DDC — DSG Communication Equipment ■ $12,000/yr 
DSG Power Protection Equipment * $ 41 ,000/yr 

$85 , 800/yr 

With these DDC, communication, and protection equipment 
charges, the average annual cost amounts to 

ib.m kw ? x 5 df°°x 5766 hr * °- 001 *' kwh 

Thus the fuel cell DSG total average cost is 

0.064 $/kWh 
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CABB 2. FOUR 5 MW HYDROGKNBRATORB AT SEPARAT E LOCA *JOJS8 

Hydrogeneration is used in this osss because the energy 
cost for water is assumed to bs ssro although ths equipment cost 
amounts to $1,000A* which includes ths cost of installation. 

For ths four hydrogenerators, ths following cost components 
ars incurred: 

Fixed-Charge Cost/yr * 0.046 $/kWh 

Ensrgy Cost/yr » 0.000 

Operation and Maintenance Cost/yr - 0.002 

DBG, Communication, and Protection Cost/yr * 0.001 

Total Hydro Average Cost » 0.049 $/kWh 

As noted in Section 6.6 of Appendix D, there are available 
in New York State certain hydrogeneration sites where lower 
equipment costs, such as those in the range of $500/kW, with a 
25% cost for installation cleanup, are obtainable. Under con- 
ditions such as these even more favorable cost figures for 
hydrogeneration than that noted above result. The total cost, 
including the monitoring and control equipment and operations, 
would amount to $0.0 3 1/KWh. Thus it is necessary to consider 
each DSG installation on its cwn merits and to take into account 
the particular benefits associated with that installation and 
energy source. 


CASE 3. FOUR 20 KW WIND OR PHOTOVOLTAIC GENERATORS AT SEPARATE 
CUSTOMER LOCATIONS 


The full rating of these equipments will be considered to 
be available to the utility only 20% of the time. 

Because the equipment is owned by the customer, there are no 
fixed charges to the utility. However, the utility would be re- 
sponsible for the DDC control and monitoring equipment as well as 
the DDC- to- DSG communication equipment. Presumably the cost of 
the DSG protection equipment would be charged to the customer rather 
than to the utility. Thus, the following charges would be incurred 
by the utility: 

DDC Control and Monitoring Equipment « $32,300/yr 

DDC-to-DSG Communication Equipment * 12,000 

Total DDC Control and Communication Charges « $44,800/yr 

Over a one-year usage period, with the above-noted control 
and communication charges, the annual average cost would be 


$44, 800/yr 

4 x 26 kW x 0.2 x 6? 60 


0.319 $AWh 
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The energy cost that tha utility would have to pay would ba 
additional and might amount to 0.060 $/kWh. 

Thus , daspita tha fact that thara might be no cost to tha 
utility for tha DBG equipment, tha utility would still have a 
total cost of $0. 379/kWh bacause of tha large DDC monitoring and 
control charges. 

From the above, a reduced charge for DDC and communication 
costs would have to ba obtained before tha utility would ba able 
to justify getting from the customer the relatively small amount 
cf energy involved. Obviously, a simpler DDC and communication 
means appears to be called for and can be made available. 

Recent rulings of the Federal Energy Regulatory Commission 
relative to the Regulations under Sections 201 and 210 of the Pub- 
lic Utility Regulatory Policies Act (PURPA) of 1978 with regard 
to Small Power Production and Cogeneration will, it is hoped, be 
of help in bringing about workable solutions to situations of the 
sort that have been illustrated above. 
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10.7 OBSERVATIONS 


• The cost* and benefits for monitoring and control of DSGa 
must ba considarad with raspact to the whole system includ- 
ing generation and transmission and not on the basis of 
distribution alone. 

a The equipment costs in terms of $/kW for different DSG 
technologies vary over a range of more than 10 to 1 and 
are generally higher than present means for central power 
generation. This is especially the case considering the 
low time availability of the primary energy source for 
certain DSG technologies. 

e The relationships between the control and monitoring equip- 
ment and performance and the total system benefits are not 
readily identifiable or directly quantifiable on a general 
basis. To establish the relationships it is necessary to 
have an intimate knowledge of the specific overall electric 
utility system and its generation, transmission, and dis- 
tribution characteristics. 

e For larger DSGs, i.e., greater than 5 MW, the cost of a 
rather complete DDC monitoring and control means seems to 
be a rather small portion (less than 3%) of the total DSG 
and control costs. 

e For smaller DSGs, i.e., less than 0.1 MW and customer 
owned, a much simpler monitoring and control means seems 
to be required on a cost-and-benef it basis. 

e Cost-and-benefit analysis should be considered in tne dis- 
tribution DSG system design as it affects control and mon- 
itoring. However, the nature cf the cost-and-benefit anal- 
ysis done on this project is not such as to be the basis 
for an economic justification for the purchase of a DSG. 
Future energy prices will doubtless be higher, and, under 
those circumstances, the economic attractiveness of DSGs 
will be enhanced. 

e Since there are many causes for uncer i.ainty in the param- 
eters and quantities that are used in the cost-and-benefit 
calculations, it is desirable that simple, approximate 
methods for evaluation be used initially to identify those 
DSG technologies that are more likely to be used and the 
control and monitoring means associated with them. Once 
the more economically attractive DSG alternatives have 
been identified, more exact and detailed cost-and-benefit 
calculations should be employed. 
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Section 11 


CONCLUSIONS 


In some of the previous sections a number of detailed obser- 
vations have been presented that contain conclusions pertinent to 
that particular section. The reader is referred to those sections 
for those additional conclusions to the more general conclusions 
listed below. 

1. The results of the DSG Monitoring and Control Requirement 
Definition Study indicate that there are no fundamental tech- 
nical obstacles to prevent the connection of dispersed storage 
and generation to the distribution system although much work 
remains to be accomplished . 

2. A communication system of considerable sophistication is 
required to integrate the distribution dispatch center (DDC) 
into the many possible DSGs of differing sizes, energy charac- 
teristics, and types of owners. When the possible use of ex- 
tensive distribution automation and control, and load manage- 
ment is included, the system means for integrating the power 
and the control means of the distribution system including DSGs 
become increasingly complex. 

3. The seven different DSGs studied appear to be capable of 
operation from a common control interface at the distribution 
dispatch center. However, a certain measure of customizing at 
the DSGs is required to accommodate the different DSGs to the 
DDC interface. A significant amount of advanced engineering 
applications work remains to be done to accomplish the desired 
engineering results for such integrated systems. 

4. The functional requirements for DSG integration indicate 
the importance of — 

• Increased communication. In addition to providing the 
means for information flow, it is necessary to keep 
track of much data from many sources. 

• Utility control hierarchy. The organization of the moni- 
toring and control structure to place proper emphasis on 
the power and control functions in an economical fashion. 

• Personnel safety. Utility operating personnel are re- 
quired from time to time to work on the distribution sys- 
tem. With an increasing number of DSGs on the distribution 
system, a greater effort is needed to ensure that there 
will be no degradation in the level of personnel safety. 

To achieve these requirements with hardware of low cost im- 
plies the standardization of — 

• System architecture and interfaces 

• Communication protocols 


• Operator interface 

e DBG protective interface 

e DSG control interface 

5. The selected DSGs that were studied varied in the detail 

of their local controls and in their input control requirements. 

In terms of their outputs, however, these DSGs have a relatively 
small number of different characteristics, such as — 

e Altarnating current or direct current in terms of primary 
energy output 

e Schedulable or no. sdulable in their energy availability 

DSG size can have an r.^ortant influence on the extent of 
central controllability required by the utility: 

e Small DSGs do not have to have the power closely con- 
trolled and may be considered as a variable negative 
load 

e Larger units warrant greater control of their power and 
may be considered as an alternative to central generation 

Some DSGs that are owned by the customer may be of such a 
nature that the customer is unable or unwilling to let the utility 
control his power generation. For other customer-owned DSGs, ar- 
rangements may be made for the utility to obtain control of the 
scheduling of such unity. 

6. The 3000/1 size span of DSGs being considered, from 10 kw to 
30 MW, is so great that appropriate monitoring and control means 
for the larger units may not be suitable for the smaller ones. 

For larger DSGs, i.e., greater than 5 MW, the cost of a rather 
complete DDC monitoring and control means seems to be a rather 
small portion (less than 3%) of the total DSG and control costs. 
For smaller DSGs, i.e., less than 0.1 MW and customer-owned, a 
much simpler, less expensive, monitoring and control means may 

be all that can be justified economically. 

7. Several possible states, i.e., normal, emergency, and so 
forth, exist for a DSG as well as for its associated distribu- 
tion system. A major effort is required to establish the control 
logic for the selection of the proper control mode for a DSG at 
each time period. Coordination of the DSG and of the distribu- 
tion protection means must be developed and implemented. 

8. The six major functional requirements categories listed 
below provide a useful frame of reference for partitioning and 
describing the DSG monitoring and control requirements. These 
requirements are helpful in establishing a useful hierarchy of 
control and in relating the DSGs to existing and planned distri- 
bution systems. As such, such requirements can serve as a base 
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for future work on monitoring and control and can provide a 
means for more ready exchange of information among utilities, 
suppliers, customers, and others in integrated DBG distribution 

systems. 

A. Control and monitoring rsguirements . These raquire- 
ments are associated with the way tha Dr*c operator 
and/or EM8 interact at the distribution dispatch cen- 
ter level to provide information about and to be able 
to command and control remotely those DSGs on the sys- 
tem. This function represents the overall, top-level 
control of the DSGs. 

B. Power flow and quality requirements . These reguire- 
ments relate primarily to the power characteristics 
of the DBG and as such serve to define what is phys * 
icilly possible from the DBG or what is essential from 
the point of view of the distribution network. This 
function pertains to the characteristics and control 
of the power generation or power storage process or 
equipment. 

C. Communication and data handling requirements . These 
requirements pertain to the necessary information 
transfer and data handling between the DDC and DSGs, 
the data transfer interfaces between these equipments 
and the communication links, and the associated and 
necessary information processing at the DDC. These 
functions are primarily involved in the transfer of 
command and control data from the DDC to the DSGs and 
the return of monitoring (normal and alarm) data from 
the DSGs to the DDC. 

D. DSG normal, abnormal, and emergency states . These op- 
erational requirements relate to local" control of a 
DSG at its own site. Each DSG requires controls to 
start it up, to operate it under all of its operating 
states, to maintain it to standby, to shut it down, 
and to have the ability to decide which condition or 
state should be ordered. 

The requirements for these operational controls and 
the integration of these controls with commands from, 
and monitoring to, other portions of the distribution 
DSG system, are included in the requirements of this 
category. 

E. Failure and abnopnal behavior detection and correction 
requirements . These requirements are associated with 
the DSG protection equipment and indicate what action 
is required of the protection equipment under the many 
possible DSG or distribution network states. This 


function takas place at the DBG site and represents 
very fast action to protect the DSG power and other 
equipment from damage to itself or other equipment. 

P. Special DSG control requirements . These requirements 
are related to equipment at the DBG site and pertain 
to special controls such as inose for startup, standby, 
and shutdown for each DSG technology. These controls 
tend to pertain to the carrying out of subordinate 
but essential functions that are actuated or initiated 
by other functional categories. 

9. A large growth in the availability and in the use of the 

dispersed storage and generation is highly probable during the 
period from 1990 to 2000. Using conservative projections for 
electrical power demand for the year 2000 and assuming that, 
as an example, 5% of this power is supplied by DSGs, one can 
estimate that, 

13.000 DSG units 1 MW and larger, and 

300.000 DSG units 10 kW and larger, may be required. 

New and improved DSG equipments using lower cost energy 
sources are being designed and built, and the cost of nonre- 
newable energy for conventional generation means continues to 
rise making dispersed renewable generation more attractive. 

10. The recent Federal Energy Regulatory Commission rulings 
under PURPA Section 210 mandate the purchase by utilities of 
cogeneration and power production from small facilities, i.e., 
under 30 MW, at price rates equal to what it would cost the 
purchasing utility to generate the energy itself. This ruling 
is intended to encourage the use of DSGs. 

Continued emphasis on establishing a more definitive set 
of conditions of agreement, both technical and financial, be- 
tween utilities and customers in regard to DSG operation is 
required. Control of the connection between the utility and 
the customer- owned DSG must be under utility control to ensure 
personnel safety. 

11. The costs and benefits for monitoring and control of DSGs 
must be considered with respect to the whole system including 
generation and transmission and must not be determined on the 
basis of distribution alone. Likewise, scheduling and control 
of remote DSG units should be based on the need to make the 
overall system service, i.e., generation, transmission, and 
distribution, most effective. 
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Section 12 

RECOMMENDATIONS 


The conclusions in Section 11 have indicated that there will 
be a large growth during the 1980-2000 period in the use of DSGs in 
connection with electric utility systems. It is important that the 
research and development for such systems be started now on the 
critical tasks noted below and that are required for the success of 
DSG integration. The time for this effort is now, before the DSGs 
are commercially available on a large scale, and while development 
demonstrations of integrated distribution DSG systems can be used 
to gain valuable operating experience. 

The present study program should be extended to accomplish the 
following tasks: 

1. S cheduling/Dispatching Methods for DSGs 

Define, develop, and demonstrate effective scheduling 
and dispatching control of specific DSGs with near-term 
potential. 

2. Standard Dispatching Operator Interface for Various DSG 
Technologies 

Define, develop, and assess a standard monitoring and 
control interface for utility operators to remotely 
control various DSGs. Particular emphasis should be 
given co developing means for the use of common hard- 
ware and software elements for the integration of dif- 
ferent DSGs. 

3 . Design Guidelines for the Integrated Operation of DSGs , 

Load Controls, and Distribution Automation Using Real-Time 
Distribution Control and Communication Equipment 

(J Define and categorize the conceptual framework for the 

operation of future utility distribution systems that 
contain DSGs, load control devices, and distribution 
automation and control systems. 

4 . Preparation of a Preliminary Specification for a Utility- 
Integrated Distribution DSG System Design 

This specification for hardware and software should in- 
corporate the recommendations from the preceding three 
tasks into the basis for a system design that will carry 
out the DDC control and monitoring and the communica- 
tion and data processing functions for DSG integration 
into a combined DSG load control and distribution auto- 
mation control system. 


12-1 


i 


REFERENCES 


1. An American National Standard, IEEE Standard -Definition . 
Specification, and Analysis of Manual, Automatic, and Super - 
visory Station Control and Data Acquisition , Xtf&j/lIlsB C3f. 1 - 
1 § 19 . 

2. Annual Report to Congress, 1978, U.S. Department of Energy, 
Energy Information Administration DOE/EIA - 0173/3. 

3. Bahrami, K. and Caldwell, R. , Electric Utility Systems Appli - 
cation of Dispersed Storage an5 Generation , Summer Rower Meeting 
Institute of Electrical and Electronics Engineers, 1979. 

4. Fink, L.H. and Carlson, K. , "Operating Under Stress and Strain," 
IEEE Spectrum , March 1978 

5. "Going with the Wind," EPRI Journal, Vol. 5, No. 2, March 1980 
pp. 6-17. 

6. Kirchmayer, Leon K., Economic Operation of Power Systems , 

New York: John Wiley and Sons, 1 $ 56 . 

7. Watkins, J.L., "DC to AC Power Conditioning for Photovoltaic 
Arrays and Utility Interfacing," SERI/TP - 44-243, April 1979. 

8. IEEE Recommended Practice For Master/Remote Communications, 
Working Paper WG77.1, January 15, ] 9 80 

9. F.S. Ma and L.Isaksen, "Impacts of Dispersed Storage and Gen- 
eration on Distribution Planning and Operating Practices." Sub- 
mitted to 1979 IEEE Transmission and Distribution Conference. 

10. F.S. Ma and L. Isaksen, "Impacts of Dispersed Supply Manage- 
ment on Distribution Systems," Proceedings of the Power Systems 
Computation Conference V , Darmstadt, West Germany, August 1978. 


BIBLIOGRAPHY 


Solar Tharmal Electric 


1. Solar Theri^l Dispersed Power Program, Total Energy Systems 

grojecfc, Final technical Summary Report, March 3l, 19v§ , " 

Solar total Snorgy Systems Market Penetration, Aerospace Cor- 
poration, Report No. AfR-7S(7692-6i) -1, Volume I, for DOE 
Contract EY 76-C-03-1101. 

2. D.Q. Hoovar and A.D. Watt, "Potantial Rola of Solar Tharmal 
Elactric Power in tha U.S.," IEEE Energy Development II , 

76 CH 1102-3-PWR. pp. 130-140. 

3. Tha First Small Power Syst em Experiment, EE-1, Phase I , 

General Electric Company, ESPD, May 1979. 

4. An Overview of Power Plant Options for the First Small Power 

System Experiment: Engineering Experiment Number 1 , Jet 

Propulsion Laboratory, Pasadena, CA, JPL Document Number 
5103-38, Nov. 9, 1978. 

5. S. Karaki, D.S. Ward, and G.O.G. Lof, "Utilization of Solar 
Energy Today," IEEE Energy Development , 74 CH 0913-4-PWR, 
pp. 7, 9, 10. 

6. A. Braunstein and D. Biran, "Solar-Electrical Systems - Theory 
and Applications," IEEE Energy Development II , 76 CH 1102-3-PWR, 
pp. 33-39. 

7. Lloyd 0. Herwig, "Solar Energy Systems for Electricity Pro- 
duction," IEEE Energy Development II , 76 CH 1102-3-PWR, 

pp. 92-95. 


Photovoltaic 


1. Multiyear Program Plan, (DOE) National Photovoltaic Program, 
June 6, 1979 (Draft), DOE/ET-0 10 5-D . 

2. Photovoltaic Energy Systems, Program Summary , Sandia Labora- 
tory Document, DOE/CE-0146, January ) 9&0 . 

3. Requirements Assessment of Photovoltaic Power Plants in 
Electric Utility Systems, General Electric - Company , EPRI 
ER-68i-SY, Project 651-1, June 1978. 

4 . Conceptual Design and System Analysis of Photovoltaic Systems , 
General Electric Company, Report No. ALO- 3686-14, March 1977. 


Photovoltaic (Cant'd) 

5. Assessment of th« Solar Protovoltalc Industry Market* and 
Technologies, Booz-Allen and Hamilton. 66fe Contract tfo. 
Er-77^C^-l978. 

6 . Requirement Definition and Preliminary Design of A Photo - 
voltaic Central Power Station Experimental Tact Facility, 
General 3 lac trie 'ftM/Sandia,Report Wo. sAltD 7§-7022, 1979. 


Wind 


1. Frank R. Eldridge, "Wind Machine*," MITRE, Oct. 1975, 
NSF-RA-N-75-051. 


2. G. Elaoe Jorgenaen, M. Lotker and R.C. Meier; "Dealgn 
Economic, and Syatem Conaiderationa of Large Wind Driven 
Generator*, " IEEE Energy Development II , 76 CH 1102-3 PWR, 
pp. 54-62. 

3. R. Thomaa, R. Puthoff, J. Savina, and W. Johnaon, "Plana 
and Status of the NASA - Lewis Research Center Wind Energy 
Project," IEEE Energy Development II , 76 CH 1102-3 PWR, 
pp. 173-18?T! 


4. B.W. Jones and P.M. Moretti, "Evaluation of Wind Generator 
Economics in a Load Duration Context," IEEE Energy Develop- 
ment III , 77 CH 1215-3 PWR, pp. 25-29. 

5. H.S. Kirschbaum, E.V. Somers, and V.T. Sulzberger, "Evalu- 

ation of Off-shore Site for Wind Energy Generation," IEEE 
Energy Development III , 77 CH 1215-3 PWR, pp. 108-114. ™ 

6. Robert L. Loftness, Energy Handbook , New York: Van Nostrand 

Reinhold Company, 1978, ppu 361-369 . 

7. James T. Yen, Harnessing the Wind, " IEEE Spectrum, Vol. 15, 

March 1978, pp. 42-47. ~ ~ * 


8. Thomas W. Reddock and John W. Klein, "No 111 Winds for New 

Mexico Utility," IEEE Spectrum , Vol. 16, March 1979, pp. 57-61. 


9. Requirements Assessment of Wind Power Plants in Electric 

Utility Systems, EPRI ER-978-SY, Vol. 1, PROJ 740-1, January 
ITO p . 25“. 


Fuel Cell 


1. Fuel Cell Power Plants for Dispersed Generation , EPRI Publica- 
tion No. EPRI TS-1/54321, May, 1979. 


✓ 


13-3 


Fuel Cell (Cont*d) 


2. W.J. Lueckel and P.J. Farri*, "The FCG-1 Fuel Cell Power Plant 
for Electric Utility Use," IEEE Energy Development , 1974, 74 
CH0913-4 PWR, pp. 42-46. 

3. G.A. Phillip*, J.H. Vogt, and J.W. Walton, “Inverter* for 
Commercial Fuel Cell Power Generation," IEEE Energy Develop - 
m ent II , 1976, 76 CH 1102-3-PWR, pp. 44-1TT 

4. L.H. Michael*, B.T. Fairchild, and S.T. Kohn, “Hybrid Simula- 
tion of Fuel Cell Power Conversion System*," IEEE Energy 
Development III , 1977, 77CH 1215-3-PWR, pp. 34-41. 

5. R.A. Fernande* and H.D. Philipp, “Hydrogen Cycle Peak- 
Shaving on the New York State Grid Using Fuel Cell*," 

IEEE Energy Development III , 1977, 77CH-1215-3-PWR, pp. 92-100 

6. William Wood, Paul Yatcko, and M.P. Bhavaraju, "Economic 
Assessment of the Utilization of Fuel Cell* in Electric 
Utility Systems," IEEE Energy Development IV , 1978, 78 
TH0050-5-PWR, pp. 22-30. 

7 . The Development of Molten Carbonate Fuel Cell Power Plant* , 

GE Proposal ESPD-79-04&, prepared for BOE and NYSERDA, May 
7, 1979. 

8. Robert Noyes, Fuel Cells for Public Utility and Industrial 
Power , Noyes Data Corp. Park Ridge, New Jersey, 1977 . 

9. Economic Assessment of the Utilization of Fuel Cells in Elec- 
t ric Utility Systems , EPRI EM-536. Final Report of RP 729-1, 
Public Service Electric and Gas Co., Jan. 1977. 

10. An Assessment of the Fuel Cell’s Role in Small Utilities , 

EPRI EM- 69 6. Final Report of RP 9 18, feurns and McDonnel 
Engineering Co., Feb. 1978 

11. "A Giant Step Planned in Fuel-Cell Plant Test," E.P. Barry, 
R.L.A. Fernandes, and W.A. Messner. IEEE Spectrum , Vol. 15, 
No. 11 (Nov. 1978) . 

12. "Fuel Cell Power Plants," A.P. Fickett, Scientific American , 
Vol. 239, No. 6 (Doc. 1978). 

Storage Battery 

1. J.R. Birk, K. Klunder, and J.C. Smith, "Superbatteries: A 

Progress Report," IEEE Spectrum , March 1979, pp. 49-55. 

2. A. D. Little, Parametric Analysis of the Electric Utility 
Market for Advanced Load-Leveling Batteries , HCp/T/ 5036, 
for DOE, February 1979. 


13-4 


gtorage Rettery (Cont’d) 

3. J.R. Birk and W.J. Pepper, "Reducing Oil Requirements in tha 
Ilactric Utility Industry t Tha Meed for Energy Storage," 
Electrochemical Society Proceedings, Vol. 77-4, 1977, pp. 61-78. 

Hydroalactrlc 


1. "Assessment of Hydropower Rastoration and Expansion in New 
York State," NYSERDA, Raport 78-6 HYSERDA. 

2. William P. Craagar and Joal D. Justin, Hydroalactric Handbook , 
2nd Edition, John Wilay & Sons. 

3. Estimate of National Hydroalactric Power Potential at Existing 
Dams , U . £ . Army Corps of Engineers, Instituta lor ^afear la- 
sourcas, July 20, 1977. 

4. Raport on Equipment Availability for tha 10 Yaa r Parlod 1967 
tox$76 , E d l so nE 1 ac t r i c instituta EE I Publication No. 77-64. 

5. "Uniform Systems of Accounts Prescribed for Public Utilities 
and Licensees," U.S. Federal Power Commission, April 1, 1973. 

6. John D. Lawrence, "Small Hydro; Where Do We Go From Here?" 
Public Power , July-August 197?. 

7. Commercialization Strategy Report for Small-Scale Hydroelec - 
tric Power (Proposed report, DOE Commercialization Task Force, 
1978), Report No. TID 28841. 

8. William P. Creager and Joel D. Justin, Hydroelectric Handbook , 
Second Edition, 1950, Chapter 11. 

Cogeneration 


1. DOE Cogeneration Commercialization Task Force Report to DOE 
Ur.uer Secretary Dale Myers and Commercialization Committee 
1978, as reported in Inside DOE , July 10, 1978. 

2. Cogeneration Technology Alternatives Study - CTAS, DOE Contract 
No. bfeN 3-31, General Electric Company, tfASA-Lewis Report 
0031-80-1. 

3. W.B. Wilson, General Electric Company, "Cogeneration - Some 
Hardware and System Design Parameters," ASME Paper, 78-IPC- 
PWR6 . 

4 . A Technical Overview of Cogeneration: The Hardware, The In - 

dustries, The Potential Development , ERDA Contract No. EY-76- 
C-63-1223 by Resource Planning Associates, Inc., for DOE, 

Dec. 1977, RPA Reference No. RA-77-3038A. 


Cogeneration (Cont ' d) 


5. A 8tudy of In-Plant Electric Power Generation In the Chemical , 
&atroiaua K* fining, and Paper and Pulp Industries, Contract 
flo T W-^B-y(R n r4- W 7 ' ' H e rdi 187*7 ' by T henabn l lacfcro n Corp., for 
Padaral Energy Administration , Raport FEA/D-76/321. 


6. "Cogeneration, " Power Engineering , March 1978, pp. 34-42. 

7. "Enargy Industrial Cantar Study," by Dupont Chemical Company, 
for National Scianca Foundation, Juna 1975, Reference No. Pi 
243823. 


8. "Coganaration : What It Maans to Plant Enginaars," Plant En - 

glnaarlng , Aug. 3, 1978, pp. 74-80. 


Ganaral 


1. An Assassmant of Enargy 8toraga Systams Suitabla for Usa by 
filacbri'c Utilities , Vols. T. m ilt. frfiEfl, JaPTuarV' F/ I97<5. 

2. J.W. Bel lance and G.W. Braun, "Integration of Solar Generation 
into Electric Utility Systems," IEEE Energy Development IV, 

78 TH 00 50-5-PWR, pp. 6-12. 

3. W.G. Pollard, "A General Method for the Evaluation of Possible 
Systems for Electric Generation with Solar Energy," IEEE Energy 
Development IV , 78 TH 0500-5-PWR, pp. 146-153. 

4. R. A. Fernandes, O.D. Gildersleeve, and T.R. Schneider, "As- 

sessment of Advanced Concepts in Energy Storage and Their 
Application on Electric Utility Systems," Transactions: "Ninth 

World Energy Conference," Paper No. 6.1-12. 

5. Lawrence M. Lidsky, "Nuclear Energy Technology-Fusion Power," 
in Energy Technology Handbook , McGraw-Hill, 1977. 

6. "Research and Development Program Plan for 1979-1983," EPRI 
Special Report PS-830-SR, July 1, 1978. 

7. Information on geothermal processes paraphrased from "Geother- 
mal Energy Technology," in Energy Technology Handbook, McGraw- 
Hill, 19 7 7 . 

8. R. A. Herse, T.R. Schneider, R.V. Snow, V.T. Sulzberger, and 
J. Zemkoski-Public Service Electric and Gas, "Application of 
Energy Storage Systems to Electric Utilities in the United 
States," CIGRE, August 1976, Paper No. 31-07. 

"An Assessment of Energy Storage Systems Suitable for Use by 
Electric Utilities," Public Service Electric and Gas for ERDA/ 
EPRI, Report No. EPRI-225 , ERDA Contract E (11-1) -2501, 1976. 


13-6 


General (Cont'd) 


10. Technical Assessment Guide # Electric Power Research Institute, 
EPRI PS-120l-§R Special Report , July 1979. 

11 . Domestic Policy Review of Solar Energy, A Response Memorandum 

to the President oi the United States , February 1§79, +ID 
JTWW. 

12. "Estimates of the Costs of Renewable Energy Technologies for 
New York State (Final Draft), July 2, NYSERDA, Urban Systems 
Research and Engineering, Inc., Contract ER-502-78/79 RDD. 


13-7 


